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1.0 Executive Summary

Thisreport (Report) presents thelntegrated ResourcePlan (IRP) for the City of Redding (COR)
owner of a non-profit, vertically integrated utility providing electric service toapproximately
44,000 customersin and near Redding, Californiawithin a service areathat coversapproximately
61 square miles CO T+ ~ << s 0 benefit and create value forits electric customersserved in the
Redding communityand to deliver exceptional services through the strengtrand dedicationof its
employees. This overarching objective is achieved by providing reliable andafe service at low
(cost-conscious) rates, while complying withstate andenvironmental mandates andregulations.

An IRP is dong-term, comprehensiveplan developedto help ensure that the CORcanmeet its
customersiannual peakenergy needsover the planning horizonin a costeffective manner, while
also meetingsystem reliability needs state policy goals, andther targets established for the
community. This is not intended as a procurement document, rather, a blueprint for future
resourcerequirements needed to comply with state mandates Acquisitions will bevetted in the
normal course and the standard procurement process will be followed.

Asdemonstrated in this document, the IRPprovides an assessment of the future energy needs of
customersover the next 20 yeargfrom 2018 through 2037) and summarizes thepreferred plan for
meeting those needsn a safe, reliable, coseffective,and environmentally responsible mannet.

This IRP wa developed in response tohe Clean Energy and Pollution Redttion Act of 2015
(California Senate Bill 350 herein SB350), which established new clean energy, clean aand
greenhouse gagsGHG)reduction goals and established a number of requirements for publicly
owned utilities (POUSs).The most farreaching gals and requirementsinclude:

An increase in the procurement of energy from renewable electricity sourcegom
33 percent by 2020 to 50 percent by 2030

Consideration of programs that will help the state double energy efficiency savings in
electricity and natural gas end uses by 2030

A reduction in GHG emissions consistent with the targets set forth by the California Air
Resources Board (CARB) in its July 2018 repaért

POUsmust develop anIRP tat sets foth the plan to achievethe above goalsand other
objectives such as those related to reliability and costffectiveness. The IRP is to be
approved by therespective boards by January 1, 201%nd submitted to the California
Energy Commismn (CEC) byApril 30, 2019

This IRP addresses each of the applicabiequirements and targets. The recommended plan meets
the 2030 renewable energy(RE)target as well as the intermediate targets; the load forecast reflects
a continuation of CORi » Z ‘higtery of encouraging energy efficiency and demand reductigmand
—St "t teetetit 'Zfe “<—e ™ «_S targetS for GHG entissions.

1 California Air Resources Boa8faff Report: Senate Bill 350 Integrated Resource Planning Electricity Sector

Greenhouse Gas Planning Targelsly 2018; SB 350 required CARB to devetopmmendations based on the

goal of achieving a 40% reduction in GHG by 2030.

27 Al ] & (0 8§ v Wp o] hd]o]8] s } ~Wh e~ 3]}v 801iU AZ] Z %% 0] * 3} W
demand exceeding 700 gigawdiburs, based on a thregear aserage commencing January 1,2013.
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The 2019 IRPwas developedthrough extensive analysis andenefited from coordination among
internal and external partners andstakeholders. This Report and the accompanyingppendices
describes the analyses conducted antghe underlying assumptions used toproduce a 20-year plan
=" et — . —e—"ef e IthioUYh 2037 FWhile the IRP is only required to extend to 2030,
the CEC encouraged POUs to consider time periods extending beyond 203@5iCommission
Guidelines Incorporated into the IRPare anticipated changedo the utility industry and California
over the planning period.

Although significant changes within the electric utility industry are anticipated to occuover the
20-year planning horizon for the IRPCORMust plan for sufficient supplies of electricity while also
maintaining competitive prices andachieving safety, environmentaloperational, and reliability
goals. During the preparation of the IRPawide variety of alternatives that could meet these many
supply and demandside objectiveswere considered The IRP process haalso taken into
condderation the need to establish glan that will allow flexibility to respond to uncertainty
regarding technological and future regulatory changeGoals establishedo guide development of
the IRP are presented irFigure 1-1.

) (

. . \
Provide reliable powe}

Minimize outages &
service interruptions
Diverse portfolio with

variety of renewable
resources

\ COR's System J
Vision Reliability

( .
{Community values
{Exceptional service
{Balance costs and benefits

[t e}

{Limit future costincreas. { Comply with changing
{Keeping prices as lowand California regulations
affordable as reasonably { Meet the mandates of
possible SB 350

{Limit risks

Figurel-1 IRP Objectives

3s] A E A] U ' EMArGCcH [MellssaJones, Paul Deaver, and Robert Kennedy, ROi&ally Owned
Utility Integrated Resource Plan Submission and Review Guideliné$ornia Energy Commission. Publication
Number: CEQ00-2018004-CMD, 2dEdition, p. 4.
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A summary of he 20-Year Resource Plan iprovided in Section 1.1.Supporting information,
including studies, data, analyses and resultplus associatedexhibits for the IRP analysis is
provided in the following sections of the Report:

Section 2.0  Purpose and Background
Section 3.0  Existing Resources and System Description

Sectim4.0  Energy and Demand Forecast

Section 5.0  Customer Programs, Energy Efficiency and Demand Response Resources
Section 6.0  The Need for Additional Resources and Resource Options

Section 70 Modeling Assumptions, Tools, and Methodology

Section 80 Evaluation and Results

Section 20 Conclusions and Recommende8cenario

Standardized tables requested by the CEC are located in Appendikofowed by discussion in
Appendix B-F. The organization and contents of this IRP reflect the requirements established ihd
CEC IRP Guidelines. The major requirements set forth in these guidelines andghmary section
in which the required information is provided is shown inTable 1-1.

Tablel-1 Summary of Key IRP Filing Requirements and Location in IRP

ITEM SELECTED TEXT FREMOEC GUIDELINES LOCATION
IN IRP

A. Planning
Horizon and
Obijective of
Expansion Plan

B. Scenarios
and Sensitivity
Analysis

C. Standardized
Tables

D. Supporting
Information

Oft = fo —~Sf— fee—"fe St ——<Z<—> f..S<% Section 8
—f"%oi—' "> truré <'...Z—T<’%oé%o"¢¢'é'—'i %of'

U te— LEZ'™ S{{r Zt"tZea fet&f- Zife— wr 't
renewable res' —"...t¢& St ecece—e 'Zfoeece% S'"ce'ed

—Sfe fe—f"> s " =8f >tf" -Sf— -8t i %' "%’

"Zfe fol fete o ff"Zct” —Sfe t..fe,t” uséa trur

—' —eti —fet fet "iede— fefZ>e¢e84a-S2030fT1"%
per<‘té

0 (ZcoYosBAs—e— otF— —St "I —<"fefe—es 7 Section 8
are encouraged to also evaluate other scenarios and sensitivity analyse

to consider the feasibility and costeffectiveness (and rateimpacts) of

alternative resource options.o

O ¢ e—e— e— ec— —Sf "7Z7'™ce% “*—" —fetf"t< Appendix A
Capacity Resource Accounting Table (CRAT)

Energy Balance Table (EBT)

RPS Procurement Table (RPT)

GHG Emissions Accountingable (GEAT)S

Q1) analyses, studies, data, and work papers, or other material that the Section 4,
POU used or relied upon (including inputs and assumptions) in creating 5, 6; all
-St & fet t fite—c'efZ <o™'7ef—c'e duidelinestt Appendices
Supporting Information supplements the data submitted in the

Standardized Tableso6

X X X X
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ITEM SELECTED TEXT FREMOEC GUIDELINES LOCATION
IN IRP

E. Demand Ba F''"—<e% t —<c"tefe—edfee—fZ "'"f...fe—-%1 Section 4,
Forecast the CRAT and annual forecasted retail saeother loads, and net energy Appendix A
2 ft <o =St a

2. Demand Forecast Methodology and Assumptions.

3. Demand Forecast Other Regions. If the POU uses system
o'tfiZce%a—-St <Z<o%o o—e— <o, . Z—tt -St t1
for regions outside the POUurisdiction. 6

F. Resource B—-SF oc§ 7 "fte'—" Fed <o -St fe 471 '"—%t Section4,
Procurement and GEAT, and RPS procurement must also be reported on the RPT 5,8,
Plan fZ %% ™<¢—S fZZ <o’——e& foe—e —c' ool |RPIFitidg- Appendix A

must address|:]

1. Diversified Procurement Portfolio

2. RPS Planning Requirements

3. Energy Efficiency and Demand Response Resources
4. Energy Storage

5. Transportation Electrification 6

G.Systemand 0 <Zce% o e—e— [TV f- —'& eft-+ -St %' Section 4
LocalReliability fet Z'...fZ "tZ<f,«Z<—>& fet "$'*"— &
S& tZ<f,<Z<—> "«—1"<fA-SF 'ZfeecoU%o "teF"" % «j
determined.

2. Local Reliability Area. The IRP Filing must identifany local
_" ooo(o.(‘o ___‘oo_"f(oi"' f"if. e _gi éoi"N(___

H. Greenhouse ~ ®OUs must report in the GEAT estimated emissions intensities (in Section §
Gas Emissions metric tons of carbon dioxide equivalent [CQF '%” *f% f ™ f—— ! Appendix A
each suppy resource reported inthe EBT6

l. Retail Rates & -S+* «<Z<*%0 o—e— <o...Z—1F4 fe —'''"—<*% Section 8
study on rate impacts under the IRP scenatrio, if that report or study was
considered by the local governingauthority as part of its IRP planning6

J. T&D Systems & ft''— fet -Sf- f..S<i"te —St %‘fZ *~ +—" Section 3
sustainability, and resilience of the bulk transmission and distribution
systems, and local communitiesé

K. Localized Air & ft' ' — o —& f..Sc<t "t —St %'fZ ‘" ecececoece’ Section 8
Pollutants and pollutants and other GHG emissions, with early priority on
Disadvantaged tc<eft fe—f%ft .. ‘ce—ec—cted tce...—ee S'™  _

Communities policiesinplf ... f&ftt "fee Z* .. fZ f<¢” "ZZ——<'e& fof
and prioritize disadvantaged communities.6

Summarized from Chapter 2 of Vidaver David, Melissa Jones, PaulDeaver, and Robert Kennedy.
2018. Publicly Owned Utility Integrated Resource Pla n Submission and Review Guidelines.
California Energy Commission. Publication Number: CEC-200-2018-004.
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1.1 SUMMARYOFTHE20-YEAR RESOURTZRAN

ThelIRP, described herein,wasbased on thdoad forecast developed bytron further described in
Section 4. The competing expansion plas (Scenariod were designed to meet the load
requirements and other planning objectives stated hereinrand each Scenario was rate@n various
measures todefine the preferred Scenaria

Section 6 of this report explains thalCCR has sufficient generatingcapacityto meet energy needs
through the 2037 planning period however, an Existing SystemScenario is not acceptable as it
would fall short of meeting renewable generation andenvironmental mandates. As a result, several
Scenarioswere developedthat provide additional renewable resources andvere evaluated based
on the costand characteristics of select solar and wind options described in Sect@&nCenteredon
these characteristics as well asadditional assumptions and methods described in Section, the
long-term cumulative present worth cost (CPWC) of eight competin§cenariosvere developed and
are presented in SectiorB. The CPWC includes all incremental costs of the planning period stated
ona present worth basis.

The eight Scenariosevaluatedeachdiffer in terms of the additional solar and wind resources that
comprise the plan. Solar and windwere the only projectsevaluatedfor future resources due tothe
desires of CORand its customers. The list of projects consideredor inclusion in the Scenariosis
shown inTable 1-2. The eightScenariosdeveloped around these projects are shown ifiable 1-3.
Each of these Scenarigsther than the Existing SystemScenariq include the 2021 addition of the
10 MW (Project 1) Solar Roject now in Phase llof development this Phase includes site
recommendation, site screening, preliminary development, and early project development and
financing.
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Tablel-2

Not Firm Capacities)

_ PROJECT 1] PROJECT 2] PROJECT 3] PROJECT 4 PROJECT 5| PROJECT 6] PROJECT 7

Name

Location

Type
Capacity (MW)
Scalable

AC Capacity
Factor (%)

Annual Energy
(MWh)

Annual
Degradation (%)

Energy Storage?
(Yes/No/Maybe)

ES Capacity (MW)

ES Duration (Hrs)

Transmission
Requirements

LMP Market
Location (To
Value)

Transmission
Access Charge
(TAC)Costs
(2018-$/kW/mo)

Transmission
Costs (2018
$/MWh)

Transmission
Escalation Rate
(%)

Local PV
w/Bat t
Local

PV

10

No
27.9%

24,440

0.70%

Yes

2.50

None

NP15

$0.000

$0.000

NorCal/OR
PV

OR/NorCal

PV
100
Yes

27.0%

236,520

0.70%

Not

included

Not
included

Not
included

To COTP,
WAPA

NP15

$2.258

$0.000

5.00%

AZ PV

Arizona

PV
100
Yes

33.1%

289,956

0.70%

Not

included

Not
included

Not
included

To CAISO,
WAPA

Palo Verde

$3.137

$11.221

4.00%

CVPV1

Central
Valley

PV

20

No
30.6%

53,611
0.70%
Not

included

Not
included

Not
included

NP26,
WAPA

ZP26

$0.000

$11.221

4.00%

CV P\2

Central
Valley

PV
100
Yes

29.8%
261,048
0.70%
Not

included

Not
included

Not
included

To CAISO,
WAPA

SP15

$0.000

$11.221

4.00%

NorCal/ OR

Wind

OR/ NorCal

Wind
100
Yes

30.0%

262,800

0.00%

Not

included

Not
included

Not
included

To COTP,
WAPA

NP15

$2.258

$0.000

5.00%

Projects Considered in the IRFtenariogAll Capacities are th Maximum Rated and

AZ Wind

Arizona

Wind
200
Yes

30.0%

525,600

0.00%

Not

included

Not
included

Not
included

To CAISO,
WAPA

Palo Verde

$3.137

$11.221

4.00%

There are two methods of accounting for transmissin costs: volumetric charges ($MWh) used by California Independent
System Operator, and deman¢b/kw -mo). Depending on the location of the project and transmission path, it will be one or

the other, or both; the model accommodates both.
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Tablel-3 Projects in theScenarios Modeled (All Capacities atiee Maximum Rated and Not

Firm Capacities)

SCENARIO PROJECT 1:] PROJECT 2: | PROJECT 3: | PROJECT 4: | PROJECT 5:] PROJECT 6:§ PROJECT 7:
NAME PV PV Y PV PV WIND WIND

A) Base Case

B) Balanced
Mix

C) Balanced
Mix-Alternate

D) Heavy
Wind

E) Heavy
Wind
Alternate

F) Heavy
Solar

G) Existing
System

H) Optimized
BalancedMix

MW: 10
Start: 2021

MWh/yr:
24,440

LCOE$58

MW: 10
Start: 2021

MWh/yr:
24,440

LCOE$58
MW: 10
Start: 2021
MWh/yr:

MW: 30
Start: 2029
MWh/yr:

24,440
LCOE$58

MW: 10
Start: 2021

MWh/yr:
24,440

LCOE$58

MW: 10
Start: 2021

MWh/yr:
24,440

LCOE$58

MW: 10
Start: 2021
MWh/yr:

70,956
LCOE$73

MW: 90
Start: 2026
MWh/yr:

24,440
LCOE$58

MW: 10
Start: 2021

MWh/yr:
24,440

LCOE$58

212,868
LCOE$70

MW: 20
Start: 2026

MWh/yr:
53,611

LCOES$71

MW: 25
Start: 2026

MWh/yr:
65,262

LCOE$68

MW: 60
Start: 2026
MWh/yr:

MW: 70
Start: 2032

MWh/yr:
183,960

LCOE$76

MW: 85
Start: 2026

MWh/yr:
223,380

LCOES$72

MW: 65
Start: 2034
MWh/yr:

156,629
LCOE$68

170,820
LCOES$77

MW: 70
Start: 2032

MWh/yr:
183,960

LCOES$72

MW: 85
Start: 2026

MWh/yr:
223,380

LCOE$68

The levelized cost of energyin $MWh (LCOE)is measured at the plant and does not include transmission charges.

Transmission charges are estimated in Table-2

1-7



The results of the Scenario analysis are reported in Section 8 and are also summarizedable 1-4.
In this table, the consolidated CPWC results and other key results for the Scenarios evaluated are
mtete—tT fo f 0STf— of'0 <o ™ ScresBits-dBefshobwnin greeh afidleast favorable
results are in red, with varying shades in between This map clearly illustrates the inadequacies of
some Scenarios and highlights those that meet the measured standards. Some plans had a
“fTrfLZ2E 4 ,—— tctei— oft— "1 —cddrehewablé porffoliof Znfle
alternatively, other Scenarios had a favorable balance of renewable resources, but were
considerably higher in cost.

The Base Case Scenario which 10 MW of local solar is added in 2021s listed first in Table1-4.
This Scenario is important as it reflects the addition of the currentiplanned Solar Projectthat is in
the second phase of developmentSee Sectior7.0). There are two key conclusions related to the
Base Case Scenario.

First, by comparing the Base Case CPWC with tBeisting SystemScenario(Scenario G) CPWC, i
clear that the Base Case has a lower CPWC. This helgsdblight why adding the 10 MW solar
project (Project 1 fromTable 1-2) provides an added benefifrom a cost perspective and by adding
REDbenefits over theExisting Systemcase. This comparisohelps to illustrate the reason for
selecting thel0 MW Solar Pojectin 2021 as the next resource addition andvhy this is considered
to be the Base Case rather thacenarioG

A second very important conclusion about the Base Case Scenario is that, even though it achieves a
higher REpercentage than Scenarids, it still falls short of meeting the 2030 RE target of 50 percent.
In fact, it achieves onlya 33 percent level in 2030. Moreover, the Base Case Scenario is still very
heavily reliant on wind energy (71 percent of allRE) even with the addition of Project1 in 2021.

Due to these results, the Base Case is understood to contain the next project taibgertaken, but it

is not the final recommended mix of resources over the entire planning horizon. The need for
additional renewable resourcesbeyond 2021 solar addition led to the development of the

remaining Senarios inTable1-3. With the exception of Scenario G, all Scenarigs/olved the 2021
solar project, but also included additionalREresources after 2021.

1.1.1 Recommendation

The various modeled Scenarios wereated based onthe adopted objectives ofmaintaining low cost,
exceptionalreliability , a diverseportfolio , and environmental responsibility. Of the Scenarios
modeled, Scenario H is the recommendeaalan in this IRPas this plan offers the best combinatiorof

Tegoalsand includes thepractical balance ofREresources (between wind and solar) and the
requirements established for POUs by the state. Scenario H calls for the addition of 10 MW
(maximum rated capacity, not firm) of new solar purchases in 2021followed by 60 MW (rated) of
solar purchases in 2026 and 65 MW (rated) of wind purchases in 2034. The four detailed tables
required by the CEC Guidelines are provided in Appendix A for this preferrégtenaria This IRP,
and the recommendation of Scenam H as the preferred plan, was adopted by thRedding City
Council(Council)in October2018.

1.1.2 Merits of Scenario H

The portfolio plan of Scenario H hasufficient generation capacity to meeenergy needs throughout
the planning horizon, ending with 41 MW of surplus capacityin 2037. While there is a capacity
surplus, the IRP must meet requirements for both capacity and energy, particularly eligiblRE
requirements, simultaneously (see Section 6 for further details outlining this requirement).The
plan associated with Scenario H contains three renewable projects additionat the top right of
Table1-5, the following information about the new renewable project adlitions are shown
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10 MW local Solar PV project3.5 MW is considered firm capacity)added in 2021 (common
to all plans except the Existing System Scenario)

60 MW Solar PV project in 202planned to have a firm output of 21 MW)and
65 MW wind project (firm output of 7 MW) added in 2034

i *energy requirements are met under theplan associated with Scenario H. Under Scenario H,
the 1x1 and 2x1 combined cycléacombined-cycle power station uses both a gas and steam turbine
together to produce nore electricity from the same fuel)projects are the only two unitsat the
Redding Power Station (Stationgeneratng a significant amount of energy, while alREprojects are
actively producing energy consumed by customers or sold into the markef he addition ofthe
three REprojects allows compliance with Renewable Portfolio Standard RPJ requirements.

Details regarding the above mentioned merits of Scenario H as a preferred plan are contained in
Section 8.

Scenario H results in a 203GREpercentage of 54 percent in 2030 exceeding the target 050

percent. Under this plan, there would bean estimatedcarbon emissions level 072,405 MTCQe in
2030. This level of emissions isvell below the high target of 101,000MTCQein the CARB staff
recommendations for CORalthough it is above the 57,000 MTCg2 set as the lower end of the
targeted range). In subsequent years, the MT@Oin Scenario H falls below the 2030 level and ends
with 73,713 MTCQe of emissions in 2037.Details of the cost and reenue projection contributing

to the overall CPWC for Scenario Hf about$581 million through 2037 are shownyear by year in
Table1-5.

Scenario H is quite flexible in that, following the first resource addition in 2021 (commonto all
plans), projects are layered in over a 26year period; the next projectis expected to beoperational
in 2026, which brings the following benefits:

The period between resource additions allows the continued assessment of industry events
and system developments in order to adjust the specifics of Swio H if conditions
warrant;

It provid esthe ability to increase or decrease the size of the selected RE projeass
necessary;

With the pliability this plan offers, staffcanbetter matchresourcesto comply with any
future applicable in-state versus outof-state requirements, such as those dhe California
Independent System Operator (CAISQand

The plan provides the ability to delay or accelerate the kservice date of the project based
on a number of factors such as future legislation and market conditions

While Scenario Dmay appear 0 be a less costly optionit offers less flexibility in that, beyond the
2021 solar addition that is also added in Scenario H, the plan consists of only an 85 MW wind
addition in 2026. Although it may beeconomical to add this large wind project, the plaresults in
an unbalanced mix of solar and wind generation as indicated by ti84 percentwind, 6 percent
solar mix of REfor Scenario D indicated inTable 1-4.

ScenarioH is within the limit of MTCQ:e recommended by the CARB staff f@ORn 2030 (101,000
MTCQe) andmeets theREtargets as is seen ifTable1-6 below. By relying on annual RECs and
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banked REG, the plan meets the 203REtarget of 50 percent and never incurs a negative REC
bank balance during the 20182037 planning period.

REDDING POWER

GREENHOUSE GAS OUTLOOK
SCENARIO H

140,000

120,000 \

100,000 ——

80,000
60,000

40,000

Emissions (MMTCO2e)

20,000

0

2022 2023 2024 2025 2026 2027 2028 2029 2030
Year

Total Emissions Goal

Figurel-2 GHG Emissions in the Preferr®n, ScenarioH

RENEWABLE OUTLOOK
60%
50%
g
= 40%
()
£
9:3’ 30% o~
O
Q
& 20%
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o
he
10%
0%

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031
Year
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Figurel-3 Renewable Outlook
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1.1.3 Analyses of Alternative Scenarios

Scenario H is the onlyscenarioidentified in Table1-4 as having green or light green shading in all
categories. The plan is within 2.8 percent of the least cost plan; it achievesdapercent REmix in
2030; it achieves all intermediate RE milestones (by relym on banked RECs in some years) and has
a reasonably balanced mix dREcontributions from wind (5 3 percent) and solar 36 percent).

Based on theglobal objective of balancing economic, reliability, and environmental objectives,
Scenario H is the best ovall plan in the 2019 IRP. Further details about Sceme H are provided in
the next Sction 8.

In terms of lowest CPWC, Scenario D may appear to be the best overall plan and it also is very good
in terms of the 2030 RE level 085 percent. However, the area where this plan falls short is its lack

of resource diversity the plan is very heavily reliant on wind energy 84 percent of all RE) and
contains little solar energy (6percent). As a result, this plan receives low marks fotsiinability to
achieve a balanced RE portfolio. This assessment is reflective of the preference that several
Stakeholders expressed for solar energy and is consistent with the emphasis on a balanBé&d
portfolio. Relying heavily on one resource can créa a reliability issue both with power generation

and transmission.

Scenario C also achieves a very high percentageR&in 2030 (65 percent) but is not economi@l
and also suffers from a high reliance on wind energy. Scenario F is economically compegitand
achievest1 percent REcontribution, but the scenario is overreliant on wind energy resources.

Scenario E achieves the best overall balanceRE production, with 42 percent coming from wind
energy and47 percent coming from solar energy projects.This plan also achieves all RE milestones
and reaches5 percent in 2030. Nevertheless, the drawback @cenario E is one of economicsit
achieves the favorabldREcharacteristics at a costthat is 6.5 percent higher than the least cost
Scenario D. As eesult, it can be concluded that thdREbenefits of Scenario E are obtained at a
significantly higher cost than the plan having the lowest CPWC (Scenario D). The issue, thereisre,
whether aplan could be developed that better balanced cost and enviramental benefits. The plan
meeting these aims is Scenario H.
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Tablel-4 HeatMap Diagram of Scenario CPVé6d REResults

CPWC Summary 2030
Renew Intermediate
CPWC
CPWC % able, % of | Milestones
Description ($1,000)| Higher| Retail Saled for RE Met?

Base Cas Base Case (with local solar on| 583,833
Scenario A Balanced Mix of Wind/Sola

Scenariof Bal Mix of Wind/SolartAlt. Projects
Scenario ( wind Heav
Scenario [ Wind Heavy Alternate Projects
Scenario H Solar Heav

601,558
Scenario R Early Wind Balanced M
Scenario g Existing System without Local So

601,957
Scenario H Optimized Balanced Mi

53.9%
*Optimal results are shown in green, unfavorable results in red
** Intermediate Milestones are: 33% by 2020; 40% by 2024; 45% by 2027; 50% by 2030.
** Intermediate Milestones are considered met with the use of banked renewable e nerdigs

51.8%
51.3%

Avg. RE

20182030

Achieving RE Balance

RE from RE from| RE from

18%
11%
11%
10%
10%
11%
11%

Executive Summary
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Tablel-5 Detailed CPWC Results for the Preferred Plan, Scenario H
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Tablel-6 Renewable Energy and REC Adequacy in the Preferred Plan, Scenario H
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2.0 Purposeand Background

This section provides an overview of theRPprocess a summary ofrelevant regulatory policies
that guide development of the IRFNcluding legislation and related regulatoryrequirements
established by the CECAsummary-level description of the methodologyused toperform study
evaluationsis also provided; the methodology igurther describedin Section8.0 of this Report.
This section also describeshe public stakeholder process conducted tavelcomeinput from
consumersinto the IRP process.

2.1 OVERVIEW OHBENTEGRATED RESOURGENNIN®ROCES

Integrated resource planning isa processundertaken by utilities to identify the long-term plan that
provides adequateresources to meet future pealdemand and energyneeds,while alsoachieving
other utility goals. These additional goals includenaintaining a targetedreserve marginto help
ensure systemreliability and achieving a reasonable balance between fiscal responsibility and
environmental stewardship. In this manner, dfective resource planning offerssconomicbenefits to
consumerswhile minimizing environmental impacts. An dfective resourceplan should also
provide the utility with flexibility to accommodateuncertainties and risks related to future
conditions, including commaodity pricing risk, technological changeand regulatory chancg.

IRPs requirghe use of sophisticated analytical tootkat allow comparisons othe costs risk,and
benefitsamongalternative supplysideand demandsideresourceoptionsthat, together, may
constitute a longterm plan. Most commonly, detailed computer models that simulate utility
operation on an hourby-hour basisare used todevelop the lorgm costs ofvarious Scenarios
EightScenariosre develogdand compared in an IRP analysis todetermine the bestiamge
plan for the utility. Supplysideoptions typically include the evaluation of conventional resources
REresourcesanddistributed energy resourcesowever, in thelRP, onlyREesources were
evaluated based on th&HEargets and sufficiency of existirtgermal (natural gadired) generation
Demandsideoptions, such as those shown in
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Figure 2-1, caninclude demand response programs, energy efficiency programg « + ‘- St” 0,1S«cet
—St «t-1"¢6 ,dlafwhichcan serve toreduce the overallutility load.
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Figure2-1 CORe v EPC uvVv V "u% %oC

The key stepsof IRP developmentundertaken are shown inFigure 2-2. These steps were
performed over a period of more than one year and were structured to address all reigtory and
legislative requirements. Internal IRP approval by th€ouncilis scheduled to occur irOctober
2018.

ESTABLISH GOALS AND OBJECTIVES

Identify the aim of the IRP to balance economics/rates, reliable and flexible supply,
regulatory compliance, environmental considerations, and stakeholder involvement.J

~
INVOLVE REU CUSTOMERS AND STAKEHOLDERS IN IRP PROCESS AT ONSET

Seek individuals and groups who have an interest in the future resource plan
(Stakeholders) and welcome their participation. Conduct Public Workshop #1.

IDENTIFY PROCESSES, CONSTRAINTS, ASSUMPTIONS A
Develop IRP process that meets required IRP schedule and contents

Identify detailed regulatory and other requirements (GHG, RPS, reliability targets, etg
Identify stakeholder involvement process and evaluate objectives/concerns

~

Identify input assumptions needed for detailed modeling; develop inputs y
IDENTIFY RESOURCE NEEDS )
Determine the load forecast and need for incremental resources
Consider requirements / constraints applicable to incremental resources (GHG,
renewables, contribution to reliability and stability) )
IDENTIFY RESOURCE OPTIONS AND PORTEOLIOS )
Identify resource options to be evaluated and develop cost/ performance
characteristics
Consider combinations of resource options (portfolios) to be evaluated y
PERFORM ANALYSI F OPTIONS, IDENTIFY PREFERRED PLAN ]
Analyze resource portfolios (screening, detailed quantitative, or qualitative evaluation
Perform sensitivity analyses to assess performance under range of potential market
and industry conditions. )
~

KEEP STAKEHOLDERS INVOLVED THROUGHOUT IRP PROCESS
As part of the Stakeholder process, a Stakeholder Feedback Form was provided to &
participants. Conduct Public Workshop #2

J

PREPARE |IRP DOCUMENT, SECURE INTERNAL APPROVALS, SUBMIT

Develop the IRP document, get feedback from internal and external sources, secure
Step i8] approval from Council and submit in accordance with regulatory requirements

L £ < €€ €€ < ¢

I
QS
c
Q@
N
N

COR tntegrated Resource Planning Process
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2.2 METHODLOGY

In order to compare theeconomic and othermerits of different resourceoptions and portfolios,
IRPs utilize various tools and methodologies to condudetailed modeling of a power system.Such
modeling allows the cost ofalternative scenariosto be quanified in terms of present value cost as
well as the tracking of whether a portfolio achieves othetargets such as GHG anREgoals. Itis
possible thatthe least cost portfoliomay notbe selected if other objectives are not met, or if a
slightly more costly portfolio does much better with regard to othergoals

The supply-side evaluations of generating unit alternatives wer@rimarily performed using
economic analysis tools developed by Ascend AnalyticEhe primary tool used in the analysis was
PowerSimm, a dispatch optimization and production cost tool thaallows the determination of the
net costto serve Te 11 ”léfad and tracking of objectives such aREand emission targets while
also considering thevolatility of key variables such asfuel price, power price, variability in energy
production, outages weather,and load Additional detail about PowerSimm and the methodology
utilized is provided in Section?.

2.3 STATEAWSPOLICYAND REGULATIONS

Electric utilities are subject toongoingregulation that can arise from federal, state, and locéws
and regulations. This section explaingarious Californialaws and regulatory requirements passed
in recent yearsthat apply to POUsnd is summarized inFigure2-3. The emphasis will be on
legislation, laws,and instructions directly addressing IRP preparation primarily SB 35 PUC 9624,
and the CEC guidelines to POUs for IRP preparation. Thifoléow ed by a chronological discussion
of other laws, policies and regulationsthat also impact longrange planning andinfluence
culminated in the SB 350 and PUB 9621 requirements.
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Figure2-3 Timeline ofKeyState Legislative Actions Impacting IRP Planning
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2.3.1 SB 35(Gnd PUC 9621

This Report is filed in accordance with themandatesof SB350 (de Leon, Chapter 547, Statutes of
2015) and associated changes to Public Utilities Code (PUC) Section 9621. SBtB&80&lean
Energy and Pollution Reduction Act of 2015was signed into law by Governor Brown in Octolre
2015 and required POUs with athree-year (2013-2016) averageannual energyrequirement of
greater than 700GWhto submit an IRP to theCEC CORs the smallest utility required to file an
IRP.

SB 350 requires POUsto file an IR#@nsistent with PUC 9621 with the CEQo review and
determine IRPconsistency. IRPs must beapproved by POWby January 1, 2019and filed with the
Energy Commissiorby April 30, 2019. The IRP is to bapdated at least once every five years
thereafter.

PUC 9621established several targets that affect future resource additions. Theselude:

Achieving a statewidetarget that doubles energy efficiency savings in electricity and natural
gas end uses by 2030 to the extent it is cosffective, feasible, and does not adversely
impact public health and safety

The development of IRPs that achieve GHG emissions reduction targets establisbhg the
CARB, in coordination with the CPUC and the Energy Commission that result in GHG
emission reductions of 40 percent from 1990 levels by 2030

NOTE1n July 2018 the CARBstaff, in coordination with the CEC and CPUC staskued
targets that weredeveloped around @ economy-wide, 260 million metric tons of carbon
dioxide equivalent(MMTCQe) as the masshased GHG target for the state in 2030The
achievement of this target is spread across all GHgantributing sectors, with the electric
sector targeted to account for a 51lpercent to 72 percent reduction from the 1990 GHG
emission level of 108 MMTCg. This goal is show in Table2-1.

Achieving a renewableresource level of at least 50 percent by 2036or the amount of
electricity generated and sold to retail customers PUC 9621 also requires compliance with
the interim renewable targets in the California Renewables Portfolio Standard Program; for
periods beyond the 2018 date of this IRP, thenterim targets are 33 percent by the e&xd of
2020, 40 percent by the end of 2024, and 45 percent by the end 20275 Annual updates
must be submitted by the POU.

These objectives are to be met while also complyingithh the goals in PUC 454.52 related to
serving customers at just and reasonable rates, minimizing ratepayer impacts, ensuring
reliability, strengthening the transmission and distribution system, enhance demandide
management, and minimizing pollutants wih early priority on disadvantaged communities.,

4 California Air Resources Boa8iaff Report: Senate Bill 350 Integrated Resource Planning Electricity Sector
Greenhouse Gas Planning Targelsly 2018.

5 PUC Division 1, Part1, Chapter 2.3, Article398,11-399.32, the interim requirements arelisted in 399.15(b.2.B)
and 339.30 (c, 2).
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Table2-1 Estimated 2030 GHG Emissions by Sector (MMELO

2030 SCOPING PLAN] % CHANGE FROM
SISeAneR 1990 RANGESVMTCOe) | 1990 (%)

Electric Power 108 30-53 -72 to -51
Agriculture 26 24-25 -8t0-4
Residential and 44 38-40 -14 to -9
Commercial

High GWP 3 8-11 267 to 367
Industrial 98 83-90 -15 to -8
Recycling and Waste 7 8-9 14 to 29
Transportation 152 103-111 -32 to -27
Natural Working -7 TBD TBD
Lands Net Sink

Subtotal 431 294-339 -32 to -21
Capand-Trade n/a 34-79 n/a
Program

Total 431 260 -40

CARB Staff Report:SB 350 Integrated Resource Planning Electricity Sector Greenhouse Gas
Planning Targets, July 2018, p. 23.

The CARB document also set forth proposed GHG targets for the individual POUs. These targets are
shown in Table 2-2 and include a targeted 2030 range of between 5@00 and 101,000MTCQe for
CORthis amounts to 0.191 percent of the 2030 electricity sector emissionsCARB has proposed to
update these targets on &-year basis to coincide with the IRP filing requirements.

Table2-2 POU Share (in 1,000 MTe&)of 2030 GHG Emissions Projected by CARB

2030 ELECTRIC
POU SECTOR EMISSION

LOW 2030 TARGET HIGH 2030 TARGET

(%) (MTCCe™) (MTCOe*)

City of Redding 0.191 57,000 101,000
City of Burbank 0.430 129,000 228,000
City of San Francisco 0.041 12,000 22,000

City of Anaheim 1.015 305,000 538,000
City of Palo Alto 0.174 52,000 92,000

City of Pasadena 0.426 128,000 226,000
City of Riverside 0.918 275,000 487,000
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2030 ELECTRIC
POU SECTOR EMISSION

LOW 2030 TARGET HIGH 2030 TARGET

* *
%) (MTCQe*) (MTCQe*)
City of Vernon 0.497 149,000 263,000
City of Glendale 0.396 119,000 210,000
Imperial Irrigation 1.745 524,000 925,000
District
L.A. Dept. of Water & 8.851 2,655,000 4,691,000
Power
Modesto Irrigation 1.055 317,000 559,000
District
City of Roseville 0.452 136,000 240,000
Silicon ValleyPower 0.915 275,000 485,000
SMUD 3.621 1,086,000 1,919,000
Turlock Irrigation 0.629 189,000 333,000
District

*Low target based on 30 MMTCe for the sector; high target based on 53 MMTG®for the
sector. Emission targets for each utility are rounded tthe nearest 1,000 MTCeke.

CARB,Staff Report: Senate Bill 350 Integrated Resource Planning Electricity Sector Greenhouse Gz
Planning Targets July 2018, p. 30.

2.3.1.1 CEC IRP Guidelines

To facilitate IRP preparation and submittal, the CEC developégPguidelines for the state POUs
The guideline document, entitledPublicly Owned Utility Integrated Resource Plan Submission and
Review Guidelingsvasissued in July 201 {updated in Augustand September2018) and

established a number of requirementgo be includedin the IRPFiling. These requirements include
the following:

POUs must submit the four Standardized Tables to tl@ECas part ofthe IRP Filing. These
tables consist of the following:

1. Capacity Resource Accounting Table (CRAT): Annualaecapacity demand in each
year fet —St . fe—"¢,——<'e T Ff..S fet"%> "t —" .t L f'f..<=>
to meet that demand.
2. Energy Balance Table (EBT): Annual total energy demand and annual estimates for
energy supply from various resources.
3. GHG Emissions Accounting Table (GEAT): Annual GHG emissions associated with
Ff...S "fe'—" .. Ff <o =St To "P=T0Z¢t =t T heteeff L fe'Zcfe .

emissions reduction targets established by CARB
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4. RPS Procurement Table (RPT): A detailed summary oP®U resource plan to meet
the RPS requirements.

The four Standardized Tables fothe preferred Scenario are presented in Appendix A8.

St ecoce—e "Zfoeoce%o 'F"<¢'t ,t%ocoe fo—f"> s ‘"Cothdiladbpts —Sf- —-St
the IRP(scheduled for 201§ and must go through 2030, although longer planning periods
are encouraged.

POUs are encouraged to evaluate alternative resource options through various scenarios
and sensitivity analyses.

The IRPFiling must include supporting information used to develop theStandardized
Tables and other studies, data, analyses used or relied upon in developing the IRP.

POUs are required to report the forecasted peak demand, forecasted retail sales, other
loads, and net energy for load in the EBT. The IRP must explain the @eih forecast
method and assumptions utilized. The CEC encourages alternative demand forecast
scenarios to be part of the IRP.

The IRP must report the mix of resources in the required tables; this includes RPS
procurement information in the RPT. The mix bresources refers to shortterm and long
term electricity, electricity -related, and demand response products. RPS information
provided must demonstrate the achievement of the RPS target by listing the RPC
procurement targets the projection of renewables & contained in a RPS procurement
plan. The reporting of resource mix must also include the impacts of energy efficiency and
demand response resources. Energy storagES)and transportation electrification should
also be addressed in the IRP and included the required tables, as appropriate.

The IRP should address system reliability. This includes explaining how the planning
reserve margin was establishedaind a discussion of any localransmission-constrained
areas.

GHG emission intensities must be ported in metric tons of carbon dioxide equivalent per
MWh for each supply resource reported in the EBT.

The IRP should be consistent with the goal of achieving just and reasonable rates and must
include, as Supporting Information, a report on rate impactsinder the IRP plan if that
report was considered in the IRP planningrocess

The IRP should report on the contribution of the IRP to increasing the diversity,
sustainability, and resilience of the transmission and distribution system.

The IRP should be ansistent with minimizing localized air pollutants and other GHG
emissions with early priority on disadvantaged communities.

Table2-3 lists the IRPFiling requirements as listed in the CEC guidelines document and indicates
where in this IRP the corresponding information is providedThis table is also provided after the
IRPProjectPartners table at the beginning of this IRP document.
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Table2-3

A. Planning
Horizon and
Objective of
Expansion Plan

B. Scenarios
and Sensitivity
Analysis

C. Standardized
Tables

D. Supporting
Information

E. Demand
Forecast

F. Resource
Procurement
Plan

Summary of Key IRP Filing Requirements and Location in IRP

ITEM SELECTED TEXT FROMHE CEC GUIDELINES TOATION

Oft = fo —Sf— fee—"te -8t ——<Z<—> f..S<t  Section 8
—f"%oi—’ » > trura <'...Z—T<’%oé%o"¢¢'g‘—'i %of'

R fe— 2™ S{{r 23 tZe4 fetAf— Zife— wr ¥

__:I:oé S:t LI IR Q Je— ) 'cho(c%o S‘"(m‘o

—Sfe fe—f"> s " =8t >ff” =Sf— -8t i %'"%’

"Zfe fol fete o $f"Z<t” —Sfe f..fe,f” usa trur

— —etfT—fef fet hede— fofZrece8A-SP0fTT"F
116

renewable "fe‘—

0 <Z<os%oedBe—e— otf— —SF "t —<"fete—e 7 Section 8
are encouraged to also evaluate other scenarios and sensitivity analyse
to consider the feasibility and costeffectiveness (and ra¢ impacts) of

FZ—37"ef—<"F "fe'—7 . F “"—cteedb

O o e—e— e e _8f "ZTZ Ma%e N
Capacity Resource Accounting Table (CRAT)
Energy Balance Table (EBT)

RPS Procurement Table (RPT)
GHG Emissions ... ... f—e—<¢ %0

—fetf”1<« Appendix A

X X X X

f.2t 6

0sS fefZseted o——tcted tf—fa fot ™ "e "f'f”e4 Section 4,
POU used or relied upon (including inputs and assumptions) in creating 5, 7;all

-St & feot t fTtc—c'ofZ <o *"ehfythege gdilelinest T Appendices
Supporting Information squIements the data submitted in the

—fetf "tcoett f,Z%-46

0S& f''"—<e% F“—c"fote—elfee—f7Z "'"t.. fe—%t Section 4,

the CRAT and annual forecastedetail sales, other loads, and net energy Appendix A
" Z0ft <s =St a

2. Demand Forecast Methodology and Assumptions.

3. Demand Forecast Other Regions. If the POU uses system
o' tT1Zce%&-St <Z<o% o—eo— <o . Z—tFt —-St tt
for regions outs<tt -Si% E—"cetc...—c'ed6

08-St <& 7 "fer—" .  ted <o =St fe &"F*"—11 Section 8§
and GEAT, and RPS procurement must also be reported on the RPT  Appendix A
[along with] all inputs, assumptions, and methof *Z *%.<t« & St

must address[:]

1. Diversified Procurement Portfolio

2. RPS Planning Requirements

3. Energy Efficiency and Demand Response Resources
4. Energy Storage

Wa "f.o""_f_(‘o

Zi...—"(A(...f—(‘OO
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ITEM SELECTED TEXT FROMHE CEC GUIDELINES TOSATION

G.Systemand 0 <Z<e% o c—e— f1U- fe ‘& otf-+ —S% % Section 4
LocalReliability fet Z*...fZ "tZ<f,«Z<—>& fet "$''"— &
s& FZ«f,<Zc—> "<—f"<fa-S% 'Zfeece%o "ttt ""f o
determined.

2. Local Reliability Area. The IRP Filing must identify gnlocal
_"fo.o(oo(‘o ___‘oo_"f(oiT f"ifi e —si ':t“N(___

H. Greenhouse 0 o s—e— "1 '"— <o —St fe—cof—F1 feceec'es Section §

Gas Emissions metric tons of carbon dioxide equivalent [CQ% '+” 3% f ™ f—— ! Appendix A
each supply "' —”... % " *"—ft <+ -St a6

|. Retail Rates Oé—éi (2('%0 [ Y (oz_-l':té f. — " _ce% Section 8
study on rate impacts under the IRP scenario, if that report or study was
considered by the local goveming f ——S‘"<—> feo "f"= ‘" <—s

J. T&D Systems 0aft''— fet -Sf— f..S<¥ " fte -S% %‘fZ ‘~ +— Section 3

sustainability, and resilience of the bulk transmission and distribution
e>e—feed feot Z'.. fZ .. ‘tee—ec—cFedad

K. Localized Air o0& ft ' — o —& f...Sc<t "t —St %o‘fZ ‘" ecececaece Section 8
Pollutants and pollutants and other GHG emissions, with early priority on
Disadvantaged teoft  fe—f%tt ... ‘ee—ec—cted tceo...—ee S'™  _

Communities policiesinpl f ... T&ftt "fee Z* .. fZ f<¢” "ZZ——<'e& f“-T
fol ""<'"¢<—cet fTeoft fo—f%ott ..'ee—ec—<ted

Summarized from Chapter 2 of Vidaver David, Melissa Jones, PaulDeaver, and Robert Kennedy.
2018. Publicly Owned Utility Integrated Resource Pla n Submission and Review Guidelines.
California Energy Commission. Publication Number: CEC-200-2017-004.

2.4 OTHERRELEVANSTATE LEGISLATIENDEXECUTIVEBRDERS

SB 350 and PUC 9621 are, in many ways, the outgrowth e¥sral preceding bills or executive
orders affecting the electric utility industry. In general, these billsand orders had the effect of
regulating GHGand increasing investment in energyefficiency and environmentally friendly
generation and storage alternatives These objedtveswere achievedprincipally through more
stringent renewable RP Sequirements. The following is a brielsummary ofkey bills and orders,
arranged chronologically within the categories of GHG emissions, energy efficienR¥, andsolar
power.

2.4.1 Greenhousdsas Emissions

2.4.1.1 Greenhouse Gas Emissiot&slobal Warming Solutions AGAB 32)

On January 1, 2007, Assembly Bill 32 (AB 32), tiiobal Warming Solutions Act of 2006 (the
GWSAX)ook effect, prescribing a statewide cap on global warming pollution with a gbaf returning
to 1990 GHGemission levels by 2020. The law required utilities to reporGHGemissions to the
CARB, and allowethe CARB to adopspecificregulations for reducing GHGemissions.

On October20, 2011,the CARB adopted a regulation implemeing a Cap-and-Trade Program
which became effective on January, 2012. The program, which was implemented in phases,
covers emissions from electricity generators, electricity importers, large industrial sources, and
transportation fuels. The cap on em&ons wasestablishedin 2013, and was designed to decline
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every yearconsistent with reaching the 1990 emissionlevels by 2020. To achieve the goal, carbon
allowances are distributed annually in amounts equal to the cap for that year. Some allowances are
given freely, and others are auctioned off. Allowance owners may use allowances to emit carbon or
sell theallowanceson the secondary market.

CARB held an October 2, 2015 workshdp beginthe development 0f2016 Cap-and-Trade Program
amendments. CARB statefbur objectives: (i)to extend the program beyond 2020; (ii)to improve
programmatic efficiencies coveringauctions and data reporting); (iii) to better reflect the latest
technical data on global warming potential and experiences with other emissions trading programs;
and (iv) to maintain the environmental and market integrity of California$ program.

The resource plan must ultimately conform to the Californi&sHGemission requirements stated in
AB32. The AB 32 scoping plan regulations require certain economic sectors of California to reduce
GHG emissions to 1990 levels by 2020 through a Gapd-Trade Emissions Reduction Program. As
part of this Program,CORmust submit "allowances" for its emissions from theStation, as well as a
portion of the electricity brought into California over its transmission assetsAn allowance

represents one metric ton of GHG emissionslhe allowances are administered by the CARB.

CARB has prvided a set number of "free allowances" each year in order to offset the expected cost
burden of the Capand-Trade Program. CORhas reduced its GHG emissions profitarough the
following actions:

Procuring carbon-free energy and making energy purchaseat are low in GHG emissions
Stepping out of San Juan Coal, which makes Redding 100% coal free;

Executing a contract with Big Horn before renewables were required;

Increasing our largest carbonrfree asset, WAPA; and,

Upgrading the Station units 5 and 6 with dual-function catalysts which reduced emissions
and increased efficiency

As aresult of these emissions reduction effort§;ORhas been able to sek portion of its free
allowances in the Cagand-Trade auction process with total revenues of over $18 million as of

March 2018. These funds have been held as restricted reserves, and any revenue received fromthe
sale of these free allowances must be used exclusively for the benefit of the electriditytis

ratepayers, consistent with the GHG reduction goals of AB 38pproximately $10.8 million of these
revenueshave subsequently been allocatetbward funding GHG efforts such asnergy efficiency

and electric vehicle(EV) programs, as further descriled in Section 5 of this report.

2.4.1.2 Greenhouse Gas Emission&missions Performance Standaf@B 1368)

Senate Bill 1368 (SB 1368) became law on Januaky2007. The bill provides for an emission
performance standard (EPS)hich restrict s new investments in baseload fossil fuel electric
generating resources that exceed the rate @HGemissions for existing combinedcycle natural gas
baseload generation. SB 1368 allowsthe CEC to establish a regulatory framework to enforce the
EPSfor POEL The CEC regulations prohibit any investment in baseload generation that does not
meet the EPS of 1,100 pounds of carbon dioxide (g@er MWh of electricity produced, with

limited exceptions for routine maintenance, requirements of preexisting contractual commitments,
or threat of significant financial harm.
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2.4.1.3 Greenhouse Gas Emissior&B 32 and AB97

SB 32 whichwas implemented on January 1, 2017equires the CARBthe designated state agency
charged with monitoring and regulating sources oGHG enissions), to ensure that statewideGHG
emissions are reducedy at least 40percent below the 1990 level no later than December 31, 2030.

Companion legislation, Assembly Bill 197 (AB 197), alsmplemented on January 1, 2017, increases
legislative oversight ofthe CARB.In addition, AB 197 requires thatthe CARB|jf adopting rules and
regulations to achieve emissions reductions beyond the statewiddHGemissions limit, protect the
S—f—1ie ¢'e— <o’ f disadivanfagéd communities, follow specified requirements, consider the
social costs of the emissions d&HG and prioritize emission reduction rules and regulations that
achieve specified results.

2.4.2 Renewable Energy

2.4.2.1 Portfolio Standard (SB50 and SB078)

In response to theadoption of Senate Bill 1078in 2002, a bill establishing the California
Renewables Portfolio Standard (RPS) Prograi@ORirst formally adopted a RPS in 2003which
stated that it would meet or exceed a standard of 2fercent of the annud energy needs to be
provided by state-qualified renewable resources by 2017. In response to the developmeby the
CARBof a Renewable Energy Standardhe RPS policywas updatedin 2011 to include a 33percent
target by 2020. In accordance with the Cafornia Renewable Energy Resources Act, enacted in
2011 as<enate Bill X1-2 (SBX1-2), CORwas required tocomplete the following:

() Develop and |mplement a renewable energy resource plahat provides a specified average of
-St 7% ... > salds«fien'dligilfle Zenewable energy resources. More specifically:
the first compliance period was from January 1, 2011 to December 31, 2013, during which an

average of 20percent *~ =St Z%..—"<... >e—feje "f_fc(Z ofZfe ™I "¢

eligible renewable energy resources.

(i) During the second compliance period, from January 1, 2014 to December 31, 2016, the Electric
Systemis required to make reasonable progress each yetmward a December 31, 2016 goal of
25 percent of retail sales from eigible renewable energy resources.

(iif) During the third compliance period, from Januany, 2017 to DecembeB1, 2020, with the
adoption by the CE®f regulations to enforceSBX12, theElectric System igequired to procure
eligible renewable energy resource for 27 percent of its 2017 retail sales, 2Percent of its
2018 retail sales, 3lpercentof its 2019 retail sales, and 3®ercent of its 2020 retail sales.

(iv) Legislation $ef ...—f1 <o trswa tef-1% <ZZ uvethatelectrigity@eaeratet-eati
year from eligible renewable energy resources be at least f&rcent by December31, 2030.

2.4.2.2 Renewables Portfolio Standar(5BX12)

SBX12, the &alifornia Renewable Energy Resources Adtyas signed into law by Governor Brown
on April 12, 2011. SBX- codifies the RPS target for retail electricity sellers to serve 33ercent of
their loads with eligible REresources by 2020 As enacted, SBX2 makes the requirements of the
RPS program applicable to POUs.

SBX12 requires each POU to adopt and implemém REresource procurement planinvolving the
procurement ofat least the following amounts of electricity products from eligibleREresources,
which may include REcertificates (RECs), as a proportion of total kilowatt hours sold to the utility
retail end-use customers:
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(i) overthe 2011-2013 compliance period, an average of 2percent of retail sales from January,
2011 to December3l, 2013, inclusive;

(i) overthe 20142016 compliance period, a total equal to 2@ercent of 2014 retail sales, 20
percentof 2015 retail sales, and 25ercent of 2016 retail sales;and

(iii) over the 2017-2020 compliance period, a total equal to 2percent of 2017 retail sales, 29
percent of 2018 retail sales, 31percentof 2019 retail sales, and 3®ercent of 2020 retail sales.
(More recently,SB 350increased the statewide RPS to 5percent by 2030.)

In addition to meeting the REpercent procurement target, the RPS established certain Portfolio

Content Categories (PCC) that further dividiethe eligible REresources to be procuredand

established certain limits The PCCs essentially classify renewable resources into one of four
categories based on location of the interconnection and other factors as follows:

PCClproducts must be bundled and the POU may not resell the energy; ttesourceie “<"e— "‘c¢oe— ‘7
interconnection must be to a distribution system serving eneuserswithin a California balancing

authority area; REproducts having a first point of interconnection outside of a California balancing
authority area must be scheduled hourly into the area without substituting electricity from another
source.

PCC2: prodicts must bebundled andinterconnected to anetwork within WECG the electricity
must be scheduled into a California balancing authority area; the products mulsave a first point of
interconnection outsideof a California balancing authority area, and the electricity must not be in
the portfolio of the POUprior to the date of contract or ownership agreement; the electricity must
be scheduled into the California balancing authority area within the same calendar year that the
electricity is generated, and the energy may not be sold back by the POU.

PCC3: ubundled REcredits and products that donot meet the requirements of PCC1 or PCC2.

PCQ@: REunder contract prior to June 1, 2010provided that the resource meets the RPS eligibility
requirements in effect when the procurement agreement was executedybsequent amendments
do not increase the capacity or productionor substitute a different resource (any such change
would be classified into CQ, 2, or 3 and follow the portfolio balance requiements); and the
duration of the contract may be extended if theriginal contract was for 15 years or more.

For the 2017-2020 period, a minimum of 75 percent of thd&REmust be classified as a PCC1 resource
and a maximum of 10 percent can be a PCC3 resource.

To meet the RPS requirementghe Councilpassed Resolution 2011s{y 0 fe¢‘'Z——<‘s ‘"~ —Sf «—>
Councilof the City of £ TT<e% —* 17cet —St fed™f 7% "_"'Z¢ —fetft "7 =St
Electri... >e—ted ‘e f..%e 1” trd trssa St RPS'tArgetsd A0 fefcentt T

(averaged) from2011-2013; 25 percent in 2016, and 33 percent in 2020 and thereafter.

In meeting these targetsCORis allowed to apply Excess Procuremer{see Appendix E; Optimal
Compliance Measuresjrom one compliance period to subsequent periods and the Councilepted
a Cost Limitation such that the annual RPS expenditure should not require rate increases of more
than 1.5 percent per year at any time during the life of the considered RPS procurement, and the

6 RPS Policies & ProcedurB® 901 Renewables Portfolio Standard Procurement and Enforcement{\eiaion
3) REU Resources Division, June 5, 2018 -pR. 3
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kWh cost of RPS procurement (including delivery, firmig, shaping, or storage) should not exceed
75 percent of CORie ... —""%e— ¢ S "t —f<«Z "fectte—<fZ Fe1"%> ...Sf" % ta

Resolution 2011-197 also adopted the following Enforcement Policies:

A. CORwill make a reasonable effortin the context of Good Utility Practide be in
compliance with the requirements of SBX2.

B. CORwill report annually to the City Council on its status of compliance with
SBX12.

C. CORwill notify the City Council of any potential for lack of compliance withihe
requirements of SBX12.

D. CCRwill explain to the City Councilthe reason for any noncompliance with
SBX22 and submit aplan of correctiveaction.

E. At such time, the City Council will direct staff on its recommended course of
action.

2.4.3 Demand Side

2.4.3.1 Solar Power (SB 1)

On August21, 2006, Governor Schwarzenegger signed into law California Senate Bill 1 (also known
as the &alifornia Solar Initiative §. This legislation requires POUs to establish a program

supporting the SB 1goal to install 3,000 MW of photovoltaic enegy in California. POUs are also
required to establish eligibility criteria in collaboration with the CEC for the funding of solar energy
systems receiving ratepayeifunded incentives. The legislation gives a POU the choice of selecting
an incentive basedon the installed capacity or based on the energy produced by the solar energy
system, measured in kilowatthours. Incentives would be required to decrease at a minimum
average rate of percent per year. POUs also have to meet certain reporting requiremts

regarding the installed capacitythe number of installed systemspumber of applicants,the amount

of awarded incentivesand the contribution toward the program$ goals.

In response to SB 1, th€ouncilimplemented a Solar Rebate Program in 2008The program was to
offer rebates and incentives over a 1{ear period beginning in 2008. This program was to be paid
for through a rate surcharge of $0.00125 per kWh starting in October, 200Aggressivesolar
rebateswere offeredthrough September 30, 2@0. In 2010, theCouncil approved a 700 kW project
at the municipal airport and, combined with several other scalable sized projecigffectively
exhausted funds available to incentivize solar photovoltaiprojects with rebates through July,

2014. In Augist, 2014, the rebate programreopenedwith $700,000 in funding; those funds were
exhausted in less than two business days through 105 applications with a total installed capacity of
1.3MW.

Since that time growth in installed PV systemshas continued On September 13, 2016he solar
rebate programagainre-opened this time providing a$0.50/watt rebate, up to maximum of
$5,000. After meeting the goals of SB 1, the new program was closed for new applications on
October 31, 2017 with approximately $10.1 million in rebates having been providedver the life of
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the program which helped to provide more than 8 MW of installed capacity at over 800 customer
locations?

As defined by SB 1CORs fast approaching the 5%net energy metering (NEM) (1.0) cap d 12.7MW
and it is anticipated that cap will be reached around the 3rd quarter of 2020. Prior to hitting the
cap,asuccessor policywill be developedand submitted to Council for approval and early adoption
to ensure a smooth transition.

2.4.3.2 Energy Efficieng (SB 1037; AB 2021)

Senate Bill 1037 (SB 1037) was signed by then Governor Schwarzenegger on Septen29er2005.

The bill requires that each POU, prior to procuring new energy generation resources, first acquire

all available energy efficiency, demand @uction, and renewable resources that are costffective,
reliable, and feasible. SB 1037 also requires each POU to report annually to its customers and to the
CEC its investment in energy efficiency and demand reduction programs.

California Assembly Bli 2021 (AB 2021), signed by then Governor Schwarzenegger on
September29, 2006, requires that POUs establish, report, and explain the basis of the annual
energy efficiency and demand reduction targets by Jurfe 2007, and every three years thereaftey
covering a tenyear future horizon. A subsequent bill has changed the time interval for establishing
annual targets to every four years.Reporting requirements under AB2021 include: (i)the
identification of sources of funding for the investment in energyefficiency and demand reduction
programs; (ii) the methodologies and input assumptions used to determine cosgfffectiveness; and
(i) the results of an independent evaluation to measure and verify energy efficiency savings and
demand reduction program inrpacts.

2.4.3.3 Energy Efficiency and Demand Side Management

In addition to the impact on demand from solar power, COR has several ongoing EE and DSM
programs that help manage demand on the COR system. These efforts are described in detail in
Section5.0.

2.4.3.4 Peak Demand (SB 338)

SB 338,passed by the California Senate on September 6, 2017 and approved by the Governor on
September 30, 2017, requires the PUC Commission and the governing boards of local publicly
owned electric utilities to consider how energy storage, energy efficiency stragies, and distributed
energy resources can help utilities meet peak demand electricity needs while reducing the need for
new electricity generation and transmission facilities. COR has seen a reduction in peak demand
over the last several years and foregsts very little growth from these levels during the planning
horizon. As aresult, COR currently possesses the required level of resources (including energy
storage and energy efficiency programs) to meet future expected peak demand requirements.

2.5 FEDERAENERGY LEGISLATION

Currently, the state requirements described above dictate the renewable and emission standards
for POUs in California. It is possible that in the future, more restrictive requirements could be
mandated at the federal level resulting fom new laws or regulations implemented by the U.S.
Environmental Protection Agency (EPA).

7 Cityof Redding Report to Redding City Council, 4 %6f1)opt ResolutionsotTerminate Solar Surcharge
November 7, 2017.
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In 2009, theEPAcee—1 1 feo 0%t f %t that-t Argudd, eMowwed it to regulate emissions
of GHGunder existing law. This finding, and other findings ath proposed rules, were challenged in
court. Ultimately, it was found that the EPA had the authority to regulat& HGemissions from
sources that were already covered under other emissions programs. Meanwhile, the EPA

developed a set of rules and regulati®es ... fZZ+t —S3 Zife *‘™%t” Zfe 0 6 & ™MSc..

specific emissions reductions targets for every state and required states to develop their own plans
to achieve the targets. The CPP was also challenged in cowigh the result that a &taya 6 tédZ f >
implementation while the CPRvorked its way through the courts. Before a decision was reached
on the legality of the CPP, the EPA, under the administration Pfesident Trump, announced it

would repeal the CPP and replace it with other regulations. Thepeal isstill at the proposal phase
as of the publication of this Report.

GHGregulation at the federal level remains uncertain angtherefore, it is difficult to predict the
extent to whichfuture federal policy on the subjectould impact operations. This IRP was
prepared assuming that California GHG emission reduction requirements would be the most
stringent applicable requirements.

2.6 PUBLIC STAKEHOLDERE®ESS

This IRP benefited fromthe public input process. The stakeholder process involvedseeking groups
who have an interest in future resource plan $takeholders) and inviting their participation such
that all relevant issueswere identified and addressed Through this proces®utlined in Figure 2-4,
participants were engaged and involvedearly in the development The end resultwasthat the
concerns and perspectives of albtakeholderswere considered, with the resulting resource plan
achieving whatis consideredto be an appropriate balance of utility and Stakeholder objectives.

{Implement and Evaluate {Who are the stakeholders we impact?

Improvements Refine {How will this group evolve over time?

Implement,
Review,
Improve

Stakeholder
Mapping

Identify
Material
Issues

Engage and
Develop

{Invite Participation
{Document Issues/Concerns {Economic Feasibility
{Develop Action Plan {Legal/Moral Consideration
{Communicate Action Plan {Aesthetic Consideration

{Sustainability

Figure2-4 Stakeholder Integration Process

In seeking StakeholdersCORactively sought inputand participation from several types of
constituents. Actions taken to reach out to potential Stakeholders includedh dedicated web page
on the CORweb sitethat included information about the process, FAQs, presentations, flyers,
feedback forms, surveysnd survey results, as well as live recordings of stakeholder meetings.
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Sand-alone flyers,bill inserts, radio spots,and social media announcementsvere used to reach out
to customers Adedicated email was created for customers to contadhe IRP tean directly.

Participantswho joined the stakeholder planning procesdlustrated in included those involved
with economic development and commerce, customers, developers, governmental agencies,
consultants, and other interested parties Sakeholders participated in meetingsheld in February
and Juneof 2018. Each meetingaddresseddifferent aspects of IRP planning.At the first meeting,
pictured below in Figure 2-5, the primary objectivesincluded:

IncreasingS—fe+S ' Ztf7ei —etf e—fetce% '~ —St i fesd ef> fee—e'—
Understanding Sakeholder concerns andperceptions

Providing a forum for productive Sakeholder feedback at key points in the IRP process to
inform decision-making

Explaining the need to complywith Commission rules andrequirements

Figure2-5 First Stakeholder Meeting | February 23, 281

At the second meeting, Stakeholderissted in Figure 2-6 responded to the modeling results and
overall preference of planning scenarios. In both meetingshere were valuable contributions made
by the participants. As part of thepublic process, a Stakeholder Feedback Forwas presentedto all
participants. The results of these forms were tallied and are included in Appendix B.

Consultantg Public

COR Staff Customers

IRP
Stakeholder
Process

Figure2-6 Stakeholder EngagemeRarticipants
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3.0 Existing Resources and System Description

The city of Reddings rural area located at the northern end of the Sacramento Valley,
approximately 160 miles north of Sacranento and 230 miles northeast of San Francisc@sthe
county seat of Shasta Count{County), Redding is themajor trade and commerce center for the
northern central and northeastern portion of California. The cityis situated in the midst of a vast
recreational area that includes nine national forests, six wilderness areas, two state parks and one
national park. Redding experienceshot summers and mild winters with an anual precipitation of
approximately 34.2inches. Elevation within the area varies from 400 feet above sea level to 10,466
feet at Lassen Park, just outsidef the County.

Since 1921 the City of ReddingElectric Departmenthas provided electric serviceo its community,
and now serves a populabn of approximately 92,000through the efforts of 187 employees The
legal responsibilities and powers of i e¢Electric Department, including the establishment of rates
and charges, are exercised througthe five-member Councilthat is elected City-wide for staggered
4-year terms.

Theelectric system(Electric System)includes generation, transmissionand distribution assets
CORalso purchaseselectric power and transmission servicefrom others. For theFiscal Year
ended June30, 2017, approximately 44,200 customer accountsvere served with a total sales of
746,000 MWh, and realized a peak demand o231 MW.

The electric resources used to meet thpower requirements of customers include generation
supply resources,REresources, contractualpower purchases, transmission asset@nd natural gas
supply facilities. A summary of thepower supply resources and thegercentageof total energy
supplied by each during thecalendar year ended 2017, are presented inTable3-1. Figure 3-1
shows the location of existingresourcesand Figure 3-2 shows the mixof energy production in
2017.
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Table3-1 Power Supply Resource€@lendar Year 20)7

SOURCE CAPACITY ANNUAL ENERG PERCENT OF
AVAILABLE (MW) (GWH) TOTAL ENERGW

Redding PowerStation@ (U1-U6) 183.1 25%
Whiskeytown (U9) 3.5 26 3.5%

M-SR PPA/San Jud® (Now expired) 0 0 0%

Total Generated Power (1) 186.6 28.5%

———

WAPABase Resourcé) 128.5 49.5%

M-SR PPA/Big Horn | WindProject 23.0 164 22%

Total Purchased Power (1) 151.5

Total (Generated and Purchased) 338.1 _ 100.0%

(1) Totals may not add due to rounding.

(@) Capacity listed is nameplate capacity (EIA860 defined) for Redding Pow&tation.

® St «-miesest in San Juan Unit No 4 was terminated effective December 31, 2017.

@ The hydro-based contract with WAPA is for 128.5 MW, but the average summer capability is 88 MW

Source: City of Redding

Existing Resources and System Description
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Figure3-1 Power Resource LocationSél+Ownedand PPA Resources)

Mix of Energy

Large Hyrdo
48%

Natural Gas
25%

Figure3-2 Mix of Energy Production by Generation Type, 20Calendar Year)
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3.1 GENERATING FACILSTIE

3.1.1 Redding Poweftation

The Station is the primary local generation resource, with atotal station nameplate capacity of
183.1 MW. The Stationis comprised of (1) atwo-on-one combined cycle power generatingstation
with two Siemens SGBO00 gas turbines(with nameplate capacities 0f42.5 MW and 40 MW,
respectively) coupled toa 26.8 MW nameplate capacityGE steam turbineand three GE Frame 5
simple cycle combustion turbines, with a combined nameplate capacity of 73.8 MW.

The first SGT800 gas turbine(Unit 5) was placed into commercial operation in June 2002. The
second SGIB00 gas turbine(Unit 6) was placed into commercial operation in August 2011The
Frame 5 combustion turbines were placed int@eommercial operation in 1996 (Units 1, 2, and 3)
All units are currently natural -gas fired only.

The initial steam unit (Unit 4) was acquired and converted from biomass fuel tgasin 1991. Both
generator Units 5 and 6canoperate in combinedcyclemodeto provide steam toUnit 4. WhenUnit
6 wasplacedin service, the original fired steam boilers were retired

On February 9, 2018, testing and verification of a newly installed SCR Ddiahction NOJ/CO
catalyst systemwas completedfor Units 5 and § replacing the previously installed SCONO
emissions control systen. The catalyst system lowers emissions and increases efficiencihe
Station has a cooling tower fed by City water to meet its cooling needs.

3.1.2 Whiskeytown Project

CORowns and operates a 3.5 MW hydroelectric genetiag plant located at the U. SBureau of
Reclamation Whiskeytown Dam near Redding. This projeatascompleted in 1986and has
produced an averageof approximately 26 GWhannually since that time. In some years,
temporarily high flow releases have been captured by the flexibility of the dualinners installed in
the unit and additional energy has been generatedJnder minimum flow releaserestrictions, it is
estimated the facility could produce approximately 10 GWh per year.

CORnas received full CEC certification for the Whiskeytowfacility as a California RPS Eligible
renewable resource. The facility has been registered with the Western Renewable Energy
Generation Information System (WREGIS), and the associated renewable energy credits (RECs) will
either be retainedfor RPS compliace purposes or utilized for wholesale sales.

3.2 RENEWABIENERGRESOURCES

Since 2003,CORhas aggressively pursued costffectiveand selfowned or purchased renewable
resourcesthrough adopted RPS targetsThe initial RPS target, in response to SB 1078 ,a& 20

percent of annual energy needs by 2017. Based onthE@ s o — ef“—fe— Fef™ f 71+ oF" %>
Standard and SBX-P, the target was modified in 2011 to be 33 percent by 2020 with intermediate

targets including 27 percent in 2017, 29 percent in 2018, and 31gycent in 2019. Four years later

in 2015, a 50 percentREtarget was adopted for the end of 2030 in response to SB 35Qurrently ,

CORnhas a diversified renewable portfoliocomprised ofthe following resources

Hydroelectric resources (owned)

Hydroelectric resources (purchases)
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Wind power (purchases)
Local solar projects(customer-owned does not qualify)

Qurrent zero carbon andrenewable resources ee summarized inTable 3-2. The WAPAlarge hydro
doesnot qualify asaREresourcebut is considered a zero carbon resource. Behiritie-meter solar
does not qualify for utility RE. In calendar year 2017, approximatéy 75 percent of retail saleswere
supplied from zero carbonresources in part due to a prolific year for hydropower resources.The
current RPS targets undeiSB 350are expectedo be satisfiedfor the remaining compliance periods
through 2020. With the inclusion of the abovedescribed projects and contractsgurrent
projectionsindicate that it has sufficient renewable resources to meet the current minimunRE
procurement targets mandated by tate law through 2024.

Table3-2 Current(Calendar Year 20) Zero Carbon andRenewable Energy Resources

CAPACITY
AVAILABLE ANNUAL ENERGY PERCENT OF

SOURCE (MW) (GWH) RETAIL SALES

Renewable Resources

Whiskeytown Dam Hydroelectric 3.5 26 3.5%
(Owned)
M-SR PPA/Big Hornl Wind Wind 22.0 164 22%
Project (Purchase) (firmed and
shaped MW)
WAPABase Resource Hydroelectric 7.6 1%
(Small Hydro) (Purchase)

Zero Carbon Resource

WAPABase Resource Hydroelectric 128.5 361 48.0%
(Largo Hydro) (Purchase)

Local Solar Projects(Zero Solar PV 10.2 89.4 NA (behind the
Carbon Resource meter)
Total 165.2 640 75%

As explained in Section 2he solar initiative program was adoptedin 2007 designed to meetSB 1
requirements for the promotion of solar photovoltaic projects through rebates and incentives. Over
the last several yearsmore than 800 solar PV projectshave been installedwith a combined

capacity ofover 10 MW. The projects range from 1kW to 700 kW and are located or(dty -owned

and customerowned facilities throughout T *service areaand as suchthose project have

fulfilled the SB 1 requirements.
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3.3 CONTRACTUAL PURCHASE

In addition to owning and operating generatingfacilities, energy needsre supplementedthrough
contractual purchases, as further described below

3.3.1 Big Hornl Wind Energy Project

TheBig Hornl Wind Energy Project (Big Horn) is a 199.5 MW (nameplate capacity) wind project
comprised of 1331.5 MW GE wind turbine, located near the town of Bickleton,n Klickitat County,
Washington CORparticipates in the purchase of &85 percent share of the output from the Big
Horn | Project through a power purchase agreemen{PPA)with the M-SR Public Power Agency
(the M-SRPPA, aJoint Powers Agency(JPA)of which CORis a member along with Modesto
Irrigation District and the City of Santa Clara.

Is share of Big Hornwind energy equates to approximately70 MW (22 MW firm capacity
through a firming and shaping agreementof the output. Power deliveries commenced on October
1, 2006, and will continue through September 30, 202@&lthough a five-year extension is possible
If the Big Hornl Project isextended, the M-SR PPAwill have a right of first offer to negotiate a long
term power purchase for such repowered project.

Big Horninterconnects with a high voltage transmission grid through an 1imile transmission line
at Bonneville Power Administrations (BPA) Spring Crele Substation. Through the shaping and
firming agreement between MS R PPAand Avangrid Renewables, Inc(Avangrid is an intermediate
contracting entity that purchases energy from Big Horn and provides it to MR PPA)Avangrid
receivesenergy from the Big Horn, as generated, and delivers flatnergy product to M-SRPP Aat
the CaliforniaOregon border pursuant to firm pre-established delivery schedules A portion of the
California-Oregon Transmission ProjectCOTB transfer capability (discussed below)is usedto
provide for transmission of the output from Big Horn from the CaliforniaOregon border toCOR

The Big HornProject is operated within the BPA balancing authority area. On October 1, 2009, BPA

began imposing a wind integration charge for the pypose of recovering its costs to provide within

hour generation balancing services for wind generators. The wind integration charge is currently
Te, ' T<tt <o ie "f'<f,Z% fot" %> "Fe'—".F fZfe..<*% 1" <..f fet —-Si
integration charge is set at $1.48/kWmonth. M-SRPPA has entered into a series of amendments

of the PPAwith Avangrid whereby M-SRPPA has agreed to pay, subject to certain caps and

limitations, the first $1.20/kW -month of any wind integration charge imposed by BP Avangrid

has agreed to pay the next $1.20/k\month, andM-S-R PPA and Avangrid will equally split any

wind integration charge exceeding $2.40 per/kWmonth.

Through a collaborative effort between Avangrid andM-SRPPA, Big Horn has obtained California
RPScertification as an 0 Z < %o kgnéwable resource by the CEC. Big Horn has been registered with
the WREGIS by Avangrid with BPA acting as the Qualified Reporting Entity. The RECs are
transferred from Avangrid, the originator, toM-S-R PPAand finally to the members ofM-SR PPA,

for either retirement or wholesale sales by such members.

3.3.2 WAPABase Resource (Hydroelectric Power)

CORreceives a gnificant portion of its power supply from the Central Valley Project (CVP
pursuant to a contract withthe Wegern Area Power Administration (WAPA). The CVP, for which
WAPAserves as marketing agency, is a series of federal hydroelectric facilities in Northern
California operated by the US Bureau of Reclamation.Service under thecurrent agreement with
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WAP Abegan on Januaryl, 2005, and continues through 2024(an extension beyond 2024currently
in procesy. As of Januant, 2015, WAPArevised its allocation percentages, anthe current
allocation of energy available fromMWAPAis 8.159%. In calendar year 2017336.1 GWH of energy
were receivedfrom WAPA

Delivery of purchased power fromWAPAis madeat two interconnection points with WAPA the
Keswick Dam Switchyard aWAP Afacility located approximately 0.5 miles fromCOR and atthe
Airport Substation located in the southeastern part ofhe serviceterritory . Power is transmitted to
distribution substations over Is 115 kV distribution lines.

Energy made available for delivery under its agreement witWAPAis on apay-and-take basis and

is subject to the annual hydrology of the CVFror planning purposes WAP Aprovides estimates of

projected deliveries based UpOWAPAi e feefeeete— ~ | 7""fe_ fot $5'F.. . —F1 S>t"'Z2'%
As a result of recent drought conditions in California, deliverieg recent yearsdeclined before

strongly rebounding in the 20162017 Fiscal year

COR contract with WAP Aincludes power from numerous hydroelectric plants around the Sierra
Nevada Regia, some of which(Nimbus, Stampede, and Lewistonjualify asa California RPS

0 ligible Genewable resource A contractis in placeo receive the RECs fromiVAPA forthe
qualifying hydroelectric projects. These RE€aid in meeting RPS targets.

3.3.2.1 Impact ofDrought

In an average water year, approximately 3percentof  iepower supply resources are derived
from hydroelectric generation, including the Whiskeytown Project and power purchased from
WAPA Hydrology in California can be highly variable from yeato year. Table3-3 indicates, for
example,that during four consecutive years of drought generation received from theVNAPACVP
wassignificantly reduced.

Table3-3 Historic Deliveries from WAPBVP

ENERGY
FISCAL YEARJULY 1-JUNE 30) (GWH)

2012-13 244
2013-14 178
2014-15 158
2015-16 170
2016-17 338
Estimated 20172018 237

Source: City of Redding Fiscal YearJuly 1June 30
Note:CORie fZZ'...f—c's <o ."ffedT 7o yayv"  —' z&tr" ‘s fs s& trswa

In the event of reduced hydroelectric generation, it is necessary to generate additional energy or to
purchase additional energy on the wholesale market to meet its retashles and load obligations

and such actions can significantly increaseosts. This is a consideration when planning for future
resources and when assessing the risk &Eproduction from hydro versus other renewable
resources such as solar or wind. Howevelhere has been shown to be a direct correlation between
the pressure systems that build along the West coast during a drought and the output from wind
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farms located inthe Pacific Northwest Thus,the impact of drought conditions in the Pacific
Northwest tends to also result indecreasel wind generation from T eshare ofBig Horn. During
suchperiods, there issometimes aneed to purchase replacement energy from the Wwolesale
market or generatereplacementenergy at an additional cost.

3.3.3 Other(NCPA)

CORs a member ofthe Northern California Power Agency (NCPA), whicbwns certain electric
generating projects. CORparticipates in NCP /A state and federal legislative ashregulatory efforts
and is currently moving toward participation in a near-term solar project that is anticipated to be
in-service in 2021 this project is further described in Section 70.

3.4 TRANSMISSION ASSERBDADEQUACY

The transmission facilities owned or contractedor are descibed in this section. Owned
transmission facilities are shown in Figure 3-3.

Figure3-3 Transmission

3.4.1 WAPA Transmission Servieaed BANC

COR is @ustomer of WAPAwWho "~ <t te f ... .. Foe —° ie S<%S “'Z—f%of —"foeescescts
interconnection with the system. Through atransmission service contract electricity needs that

are not met by generation assetsvithin the service areaimport ed. Thetransmission agreement

signed August 1995, is effective for 40 years, though either party can opt out after giving -g&ar

notice. The contract specifies that WAPA will provide, on a firm basis, both Lofigerm Firm

Transmission Service and Shofferm Firm COTP Transmission Servigeletailed inTable3-4. The

details of the contracts are summarized ifrigure 3-4. The WAPA transmission system is part of the
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Balancing Authority of Northern California (BANC)alancing authority area (BAA)and
interconnects with the California Independent System OperatorsGAISQ BAA

CORis alsa member of BANC, a joint powers authority with members that also include the

Sacramento Municipal Utility District (SMUD, Modestolr rigation District (MID), Roseville Electric,

Trinity Public Utility District, and the City of Shasta Lake (COSLBANC began its operations on

May 1, 2011 and is now the third largest balancing authority in California, serving a peak load of

approximatel > warrr fet yXUArrr "f—f<Z ...—e—‘ef”e4 Te “"F"f—ctoe TS—Fof
California-Oregon border to ModestgCalifornia, covering most of the larger utilities in the Central

Valley region north of Modesto.
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Figure3-4 Balancing Area of Northern California (BANC) Members

As a member of BANG ORs responsible for matchingcustomer usage and resources on a
moment-by-moment basis. However, BANGperates the transmission system, monitoringpower
lines totarget their operation within the reliable limits of the system, andcoordinates operations
with neighboring balancing authorities.
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SMUD acts as the balancing authority operator and perfosialancing authority functions on
behalf of BANC Benefits ofbeing under BANC includelirect scheduling of energy transactions over
the COTP within theBANCbalancing authority area, free ofa CASO tariffor charges,and free from
related congestionand encumbrances.

BANC operates under the princig@ of maximizing consumer value and compliance with reliability
standards. The structure provides flexibility to expand and allows members to benefit from
potential future savings through the sharing of facility costs.

Table3-4 WAPA Transmission Service Summary Information

CAPACITY CAPACITY | VOLTAGE
CONTRACT END DATE (Mw) * (KV) DELIVERY/RECEIPT PONTS

Long-Term Firm Transmission Service

Olinda, Tracy, Elverta, Airport,Keswick

Contract 1 2035 136.8 230 (115 kv)

Delivery: Tracy, Cottonwood

Contract 2 2035 47.2 230 . . .
onfrac Receipt: Airport, Keswick (115 kV)

Short-Term Firm COTP_Transmission Service

California-Oregon Border, Southern

Contract 1 By request By request 230-500 Terminus (500 kV); Olinda,Tracy (230 kV)

* Delivery point capacity (after losses)
Source: WAPA/CVP Contract for Transmission Service tthe City of Redding, California

3.4.2 TANGnd Californie-Oregon Transmission Project

CORalong with fourteen other northern California cities, utility districts, and one rural electric
cooperative,are members or associate membes of a CaliforniaJoint Power Agency(JPA)known as
the Transmission Agency of Northern California (TANCJTANC, together withCOR WAPA, two
California water districts and PG&E (collectively, the COTP Participants) own the Californ@regon
Transmission Project (COTP) a 339 mile long, 1,600 MW, 500 kV transmission projeaxtending
from southern Oregonto central California.

CORs ertitled to 8.4119 percent of TANC$ share of COTP transfer capability (approximatelylb
MW) on an unconditional takeor-pay basis. On April 1, 2005, CORpurchased fromCOSLits 1.5856
percentownership interest (approximately 25 MW) in the COTPAs a result, CORparticipates in
the use of the COTP as both a membparticipant of TANC (115 MW) and as a direct COTP owner
(25 MW); this participation provides a total of 140 MW of firm transmission capability

Access to theCOTP entitlementds gainedthrough a longterm transmission contract with WAPA
Qurrently , a portion of its COTP transfer capabilitys usedto provide transmission of renewable
wind capacity and energy purchased througlthe M-SR PPA The remaining transfer capability is
used tomake spot market purchases of firm and notiirm energy and as reliability backup for firm
power purchasesand sales commitments

In order for TANCmembers to utilize the full transfer capability of the COTP on a firm basis and
maximize the benefits othe line, the COTP is operated on a coordinated basis with the Pacific AC
Intertie (the dntertie 6. The Intertie isa two-line systemthat, like the COTP, connects California
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utilities with other utilities in the Pacific Northwest. The Intertie is owned by PG&E, PacifiCorand
WAPA it is operated by theCASO. The thredine system comprised of the COTP and the Intertie is
collectively referred to as the CaliforniaOregon Intertie (COI).

3.4.3 TeslaMidway Transmission Service

The southern physical terminusof the COTP is PG&&Tesla Substation near Tracy, California.
TANC ha arranged for PG&E to provide TAN@nd certain TANC Memberswith 300 MW of firm,
bi-directional transmission capacity on its transmission systenbetween PG&ETesla Substation

and theMidway Substationin Buttonwillow, California (the TeslaMidway Service)under a long

term agreement known as the South of Tesla Principl¢SOTP) Is share of TeslaMidway

Service is 31 MW.This transmission service enhancethe value of the COTP to TANC and the TANC
Participants by increasing opportunities for energy purchases, salgand other utility

arrangements. The full allocation of TeslaMidway transmission servicehas been utilizedfor firm

and non-firm power transactions. This service provides value related to the delivery of CAISO
renewables.

3.4.4 Other Transmission Assets

Delivery of power from sources outsidehe serviceterritory are at the Airport and Keswick
230/115 kV substations. These two facilities provide a riable interconnection capacity of

275 MW from I s 230KV transmission system.CORointly owns the Airport Substation with
WAPA at the Airport Substation WAPA owns and maintains the 238V related facilities COR
owns, and is responsible forthe 115 kV facilities. At the Keswick Substation,WAPA ownsand is
responsible for, all facilities other than the remote terminal unit equipment specific to  ieuse at
the Keswick Substation.

3.5 DISTRIBUTION ASSENDADEQUACY

3.5.1 Distribution Assets

CORprovides customers with electrical service through a distribution network which includes

electric substations transmission lines, distribution Iines and transformers. A Iarge portion afs

1zt e (0T fe— " ™ fe | — St Zrie — St s{WIAs S ™M %ES
12.47 kV 3W|re overhead service. The mfrastructure has since been periodically expanded,

updated, and modernized.The most recent modernization program began in 2007 and will be

completed in 2019, with all substationshaving received technology and equipment upgrades to

improve reliability.

Between 1985and 2008, commercial developers supported and assisted in funding the expansion
of the electric system which more than doubledhe 12 kV distribution systemusing underground
cabling. Figure 3-5 showsthe interface of the 115 kV transmission system with the distribution
system through 115 kV/12 kV substations.

Qurrent transmission and distribution system consists of the following:

Service area of approximately 61 square miles

Approximately 72 miles of 115kV transmission

Eleven distribution substations, one generation station

Approximately 740 miles of 12kV distribution, (OH=300 mi,UG=440 miles)
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Approximately 17,000 poles

Figure3-5 Electric Distribution System

3.5.2 Distribution System Adequacy

An all-time high service availability indexrating of 99.99 percentin 2017. This means thathe
averagecustomer experiencedonly 39 minutes without power over the entire year. This is
significantly better than the comparable average for all Americansl30 minutesin 2013), as
illustrated in Figure 3-6.
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Figure3-6 Reliability Comparison

For a more local comparison, in 2016, PG&E customers in the north valley had an average of 175
minutes without power.

During the Carr Fire a raging wildfire that tore through Shasta County and blazed into Reddirig
city limits  the local transmission system lost 5 out of 6 elements of redundancy. Because of our
community-owned generationstation and multiple connections b the WAPA grid, our operators
were able to avoid a total citywide blackout.

Thedistribution system conditions are continually evaluatedand appropriate adjustments are
made as needed to improve and optimize the distribution network. Projects are approved and
funded through theElectric Distribution Capital Expenditure PlanCurrent modifications under

consideration include:
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Improved communication for Power and VAR control via local network, installation of
additional circuit breaker dedicated to subgations.

Potential system modifications to accommodate future solar installations are dependent
upon site approval/location. Presently 10 MW of additional solar is expectedwhich would
equate toa requirement of475 Amps at 12.47kV.The majority of this solar generation is
anticipated for nearby East Redding Substation and the remainder may split between two
other locations. The project completion is planned for year 2021.

Re-conductoring of the 115 kV lines between Eureka Way ardregon substations to increase
the line rating. Under certain contingencies that cause increased throudlow, the present
line may become overloaded. The project would be completed end of year 2019.

Installation of fiber optic communication links betweenthe Plant, Texas Springs Substation,
and Moore Road Substation. This will provide high speed tripping capability to increase
generator stability as well as redundant substation communication path. The project would
be completed end of year 2019.

Provide reconfiguration of the lines interconnectingthe Plantto the bulk electric system to
reduce the system impedance and resultant voltage drop to Canby Substation under certain
system contingencies. If approved, the project is proposed to be completed by tived of year
2020.

Alternatively (to the reconfiguration project immediately above), provide VAR capacitors at
Canby Substation system to reduce the resultant voltage drop to Canby Substation under
certain system contingencies.If approved, the project & proposed to be completed by the
end of year 2020.

Other projects being considered would providaipgrades to the communication systems necessary
to integrate additional demand-side energy managementnvestments. These projects could
include:

1.

Install city -wide radio network communications in support of a remote commercial
metering project. This network will provide open architecture communications for control
and monitoring of 12 kV line voltage via capacitor control and commercial remote metering.
The project would be completedby theend of 2020.

Installation of the optional OMS/DMS software to augment the present OSICADA system
used by the Electric Utility Distribution System Operators. This improvement will decrease
response times, reduce the rislof switching errors, and reduce the likelihood of unknown
equipment overloads. The projecivould be completedby the end of 2020.

Provide System Operator control and monitoring of theuitility -owned and large customer
owned solar facilities. This improvenent will give the System Operators direct control of
solar generation output including MW & Volt/VAR control. The projectvould be completed
by the end 0f2022.

Upgrade substation communications equipment to automatically retrieve protective relay
fault information and display to the System Operator. This improvement will decrease
eventresponse times. The projectvould be completed by theend of 2019

Finally, it is important to mention that it hasbeenlong recognized that reducing losses on the
power distribution system through investment in energy efficiency has beneficial impacts on
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customer rates on the environment,and it can extend the lifesparof transmission, distribution,
and generatingassets. Energy efficiency effortsare consistent with goals of reliability, affordability,
and sustainability.

In this context, the energy efficiency programs undertakeifand discussed in Sectiorb) constitute
significant steps to reduce losses on its distributiorsystem. For example, since enacting the street
lighting program in September2015, annual system losseshave been reducedy an average of
1,231,494 kWhthrough the conversion of high pressure sodiuniighting to LED lighting. The LED
lighting technology consumes nearly twothirds less energy and is estimated, at project completion
in 2021, to save over 3,700,000 kwWh annually. To datiine project is approximately 33 percent
completed with 2,783 LED lights already installed.

3.6 NATURAL GAS COMMODBITRANSPAORTION AND STORAGE

Natural gas is the primary fuel and the primary variable operating cost of th8tation. TheStation
can require delivery of up to 38,000decatherms (Dth of natural gas per day, with current average
daily requirements of 8,500Dth per day.

Acomprehensive natural gas progranhas been developedo mitigate the electric retail impacts of
gas supply and price volatility Thisprogram includes a gas prepayment arrangementin which a
supply of natural gascan be procuredat a discountfrom the monthly index price), as well as
forward purchases of natural gas at fixed priceplus gasstorage options.

3.6.1 M-SR Energy Authorityt Gas Prepay

The M-SR PPAmembers have formed alPAknown as theM-SR Energy Authority (M-SREA). The
M-S REA was created for the purpose of entering into contracts and issuing bonds to asdigtSR
EA participants in financing the acquisition of supplies of natural gas for use in each participat
electrical generation stations. In 2009, CORparticipated in the MSR EA Gas Prepay Project. The
Gas Prepay Project provides, through a Gas Supply Agreemerith M-SREA (the Gas Supply
Agreement),a secure and longerm supply of natural gas of 5,00@th daily (or 1,825,000 Dth
annually) through September 30, 2039. The Gas Supply Agreement provides this supply at a
discounted price below the monthly market index price (the PG&E Citgate index) over the 30
year term. MSREA entered into a prepaid gas purchase agreement with Citigroupnergy, Inc. to
provide this gas supply Under the terms of the Gas Supply Agreement,-S$IR EA bilk for actual
“—foe—<—c<te " of——"fZ7 %ofe tEZ< 17M0-Ef2.0S, pSRsthrépay canagtok
used as a financial instrument i(e. it must beutilized for load only).

3.6.2 Fixed Price Forward Purchases

In addition to natural gas procured through the MSREA Gas Prepay Project, a number pdirchase
obligations have been entered into, such afxed price hedgesto purchase natural gas through
2025. Currently, forecasted gas requirementgsange from approximately 6,000 to 10,000

T f=St7ee 't” tfa>60 —fSTt...f-SF"e <o t“—fibrthe next7yrs- Fable3-5
provides the volume of current fixed price natural gas purchasedo which CORs committed on a
yearly basis.
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Table3-5 Natural Gas Purchas®@bligations Fixed Price Hedges

YEAR 2018 2019 2020-2023 2024 2025

Decatherm per day Dth/d ay) 6,167 5,667 5,000 4,500 4,000
(Delivery Point is PG&E City Gate

Source: City of Redding

3.6.3 Natural Gas Transportation

In order to provide for the transportation and delivery of purchased natural gasCORentered into

an agreement to purchase 7,500 Dth/dy of natural gas pipeline capacity in four segments
connecting the AECO supply hulnd natural gas storage operation located in Alberta, Cangda
California (at the PG&E Citygate) from TransCanada affiliates and PG&E. The contractual obligation
for three of the segments expired on October 31, 2015 heremaining contractual obligation for

the fourth segment expires on October 31, 2023ut shipping rights for this segmenthave been
assignedto a third party for the remainder of the contract period

3.6.4 Natural GasStorage

To further manage seasonalweather, and price volatility,a contract has been executetbr natural
gas storage within northern Californiasince 2004 In 2010, under a 28year term contract, COR
commenced utilizing storage rightsat Gill RanchStorage a gas storage facility located in central
California. Under the agreement, cushion gasas been leasedind Gill Ranch Storage provide
approximately 600,000 Dth of natural gas storage. Atthe end of the contract term in 2038, the
cushion gas will be returned.

3.7 WHOLESALE ENERGYDIRG

CORundertakes extensiveplanning to selectits future conventional and renewable power supplies.

Once these resources are availableperation and managemenbf its power supply and

transmission resourceswillbe done —e<*%o feo Of...'¢‘ec... Tco'f—...S6 o' T1+tZ —Sf— <+ t%
produceand deliverenergy at the lowest costhat reliably serves consumers.

As with any utility, since generation and transmission resource additions do not perfectijatch
yearly load projections,in addition to making market purchases when economicagxcess capacity
and energycanbe sold As a result,CORparticipates in trading in the wholesale energy markets in
order to capture the maximum value of its generation assets and to minimize the cost of purchased
power. Additionally, coordination of its gas purchases andalesis donewithin the year in light of
wholesale energy costsFor financial forecasting and planning purposes, only revenues from
wholesale trading activities that are under contract at the time of the forecasire assumed
Continued optimization of generation and transmission assets is expected the wholesale market
for the benefit of its retail electric customersand <« —anticipated that wholesale sales willcontinue

at some level in the future
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4.0 Energy and Demand Forecast

Afundamentd element of an IRP analysis is the development of the lotgrm (2018-2037) system
peak demand and energyorecasts. The forecastresults in a projection ofthe capacity and energy
requirements on thesystem that the utility must plan to meet through self-owned generationor
purchasearrangements.

Sufficientcapacity must be securedo cover projected peak annual demand as well as reserve
requirements. Reserves are an amount over and above the projected system peak that gkt will
plan to maintain in the event that the forecasted demand is higher than anticipated due to extreme
weather conditions or higher than expected load growth, or in the event that capacity resources are
not available due to a forced outage, a transmission line failure, onather unexpected event.A
planning reserve margin of 15 percentis usedin planning based on the requirement set forttior

the region by the North American Electric Reliability Council (NERG)

4.1 HISTORICANERGYSEAND PEAK DEMAND

Electricity demand exhbits strong seasonal trends, with peak energyequirements driven by air-
conditioning usein the summer months and minimum energy us&ormally occurring during the
spring and fall seasons. Demand levels during the summer also tend to exhibit a greateityda
variation in load. The seasonal variability is demonstrated irFigure 4-1, whichdisplays the
monthly average energy sales for the period of 2@Lthrough 2017.

Average Monthly Energy Sales and Peak Demand (22Q.B7)
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Figured-1 5-YearAverageMonthly Energy Saleand Peak Deman¢0132017)

8 System level Resource Adequacy (RA) requirement of 15 percent above the forecast1 in 2 peak must be met
sometimes referred to as the 580 load forecast.
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Table4-1 lists historical data overthe past five Fiscal Years. The table indicat¢hat the combined
peak customer demand during the 2013-2017 period reached a maximum of 248 MW in 2014 and
was 231.0 MW in 2017 well below the historic distribution system peak demand of 253.0 MW
recorded on July 24, 2006. Although the peak demand typically only occurs once each year,
resourcesmust be maintained to meet the peak year round.

Energy sales also declined over the 2013017 period. The 2017 sales of 745,607 GWh were only
96 percent of the 2013energy sales figure. At the same time, the number of customers has
increased by 1.5 percent over the period and reached 44,233 customers in 2017.

Table4-1 Historic Customer, Sales, and Demand Data

YEAR?! 2013 2014 2015 2016 2017

Number of Customers 2

Residential 37,268 37,387 37,561 37,751 38,015
Commercial 5,022 5,011 5,034 5,025 4,949
Industrial 334 330 322 335 336
Other 927 934 915 928 933
Total 43,551 43,662 43,832 44,039 44 233
Customers

Residential 375,606.32 361,105.70 356,070.92 361,427.32 366,353.63
Commercial 338,256.66 336,506.90 338,291.79 332,231.88 324,201.81
Industrial 13,505.87 12,303.01 12,366.15 13,393.83 13,266.38
Other 46,755.68 45,923.16 43,087.05 42,358.33 41,825.28
Total MWh 774,124 53 755,838 .77 749,815 91 749,411 36 745,607 .10

1.Data is providedor Fiscal YearendingJune30.

2.Thevalues foNumber of Customers include every pointat which electricifjelsvered for end usas of the last
month of theFiscal Yeadata does not include sales to COSL

Source: City of Redding

Energy and Demand Forecast 4-2



4.2 FORECAST METHODOLASY ASSUMPTIONS

The loadforecastfor the IRP planning period wasdeveloped by tron; it developsfuture projections
of energy salesand peak demandbased onthe historical relationship with various socioeconomic
factorsand temperature dataasdescribed further below.

The 2018 load forecastof energy salesand peak demand levelsvas done by end user class and
involved the following customer classes:

Residential

Large Commercial Users
Small Commercial Users
Fixed Use

Time of Use

The Z'ft "“"f...fe— ™Mfe t1 172 %1 ,feft ‘e ustedHnd Usf{SAE)modeling> t &
framework, which incorporates models customized for the residential and nomesidential sectors.

One of the traditional approaches to forecasting monthly sales for a customer class is to develop an
econometric model that relates monthly sales to weather, seasonal variables, and economic
conditions. From a forecasting perspective, the strength of econometric models is that they are well
suited to identify historical trends and to project these trends into the future.

In contrast, the strength of the enduse modeling approach is the ability to identify the endise
factorsthat are driving energy use. By incorporating endise structure into an econometric model,
the SAE modeling frameworlcapturesthe strengths of both approachs. For instance, by explicitly
introducing trends in equipment saturation and equipment efficiency levels, it is easier to explain
changes in usage levels and changes in weatksgnsitivity over time, and identify end use factors
driving those changes.

S o' tiZe Z1"31"f%t —St A A ef"%> o Vef—<'e TelovelEAFUsSdeie
Saturation and Efficiency Forecast for the Pacific Region as well as informatispecific to COR The
result is a longterm forecasting framework that captures longterm structural changes, shortterm
driving factors of usage levelsuch as economic activity, electricity price, and weather, and their
appropriate interactions. Furthermore, the framework facilitates the disaggregation of the secter
level sales forecats into end uselevel forecasts in support of further evaluation.

Key considerations and assumptionaitilized in preparation of the load forecastre shown inTable
4-2. Forthe variables listed, those of special importance include assumptions about the future
growth of EV, solar installations, energy efficiency as well as population growth and the
consideration of temperature data.
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Table4-2 Load Forecast Assumptions and Input Considerations

CATEGORY DESCRIPTION

Weather X
Economics X
X
X
X
End Use Equipment X

Saturation & Efficiency/
New Technology

Street Lighting Program  x

Normal Weather for Energy and Peak: (Calculation Range 2008017)

Net Migration Forecast uses a 1§ear historical average (2008 2017) in
2017 & 2018

Net Migration phases into a 26year historical average (1998 2017) by
2023

High and Low Cases +/10% of historical average
Employment Forecast uses postecession CAGR (209 2017) in 2018

Employment phases into a longerm growth rate for the 20-64 Age Cohort
(0.5%) by 2023)

SAE Inputs- f...<"<... F%oc‘e "Tc..cFe.cFe ""'e —_S% T
Outlook Forecas

Solar Adoption Forecast
EV Adoption Forecast
Energy Efficiencyand Demand Responsé&-orecast

Extended Street Lighting LED Program Savings through the end of the
Forecast Horizon

Source: City of Redding

4.2.1 Rooftop solarinstallations

Installations of rooftop solarare expected to continue growingvithin the service area, albeit at a

diminishing rate, through 2022. Increases in solar installations for a given year are related to the

status of the Investment Tax Credit (ITC), whichis scheduled to decline from 30 percent in 2018 to

10 percent by 2023. Figure 4-2 below showsCORie ~*"% ... fe— ‘"f"Zf<¢t ™Mc-S St «...Stt—7Z

through 2022.

Figure4-2 Projected Solar Instéations vs ITC Tax Credit
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4.2.2 TheHectric VehicleForecast

For the service area the EVforecastinvolves a significant increase in the number of vehicles
through 2026. Figure 4-3 showsthe cumulative number ofEVs, includingEVsand plug-in electric
vehicles (PEVs) that are projected to increase from approximately 200 to more than 2,200 in 2026
this forecast was based on the 2016 Zero Emission Vehicle Action Plarhis rapid growth isalso a
function of the EVrebate program that went into effectin August 2017. Under thisrpgram,
commercialincentives of up to $1,@0 per vehicle plus $3,000 areavailable tocommercial
customerswho install aEVLevel 2 charger residential incentives are $1,000 plus up to $00 for
installing a Level 2 chargee. It is estimated that the cost of charging under the applicable electricity
rate equates to a cost of only $1.08/gallon of gasoline and provides an equivalent environmental
benefit to planting more than 100 full growntrees.

Figure4-3 Projected Electric VehicleBgCORServiceTerritory

4.2.3 Energy Efficiency and Demand Response

The load forecast considered a number of energy efficiency and demand reduction measures.
Theseare further described in Section 5.

4.2.4 Weather Normalization

Becauseenergy consumption is heavilyaffected by weatherconditions from year to year, actual
energy sales and peak demand data were normalizéy Itron as a means of adjusting values to
reflectlong-term average weather conditions

Itron developed the peak demand forecadty comparing historical peak demand levels from 1980

through 2016 with the temperature at which annual peak demand conditions occurred, and

determining a statistical correlation for that year. (For example, the 50 percentile temperature in

the 1980-trsx '"<'t "~*"ett —St ,fedn-t1F3G 0. 14 tfparcertile {r

—fF"f-—"F " —7""¢o% T—"<o% —S«<e "I <HN-Sréabt £SE fpEe St3+STtas,
of future peak demand utilized in the IRP base case is theri-2 year forecast, which corresponds to

an expected maximum temperature of 111 degrees Fahrenheit.

9 A Level 2 charger provides 240 VAC and charges$imoirs, the equivalent of £20 miles per hour of charge.
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4.2.5 Service Area Population

An average annual growth rate (AAGR) for population of less than opercent (0.49 percent) is
projected by Itron for the forecast period compared to an AAGR of 1.13 percaxperienced
between 1990 and 2017.

4.3 FORECAST RESULTS

The peak and energy forecast results are presented in this section. Tdapacity andenergy
requirement forecast is also carried forward to the four required CEC tables Appendix A.

4.3.1 Peak and Energy Forecast

Table4-3 shows the energy and peak demand forecasburing the forecast period 018 through
2037), energy requirements for all customer classeare projected to increase from767,535 MWh
in 2018 to 804,309 MWh in 2037. For thesystem, the increaseequates to an overalgrowth of
approximately 4.8 percentover the planning horizonand anAAGRof 024 percent.

During the forecastperiod, peak demands projected to increase slightly, from a value 0228.1 MW
in 2018 to 231.2 MW in 2037, equatingto an AAGRof 0.07 percent.

4.3.2 System Load Factor

Table4-3 also indicates the projectedsystem load factor A load fatoris a measure of the
variability in utility load over time. A load factor measuregotal energy requirements on a utility
system as a percentage of the theoretical maximum energy requirements that would result if the
energy requirements at the time of peak demand were required all hours of the year.

Table4-3 summarizes for each year of the analysis the annual net energy sales forecast and peak
demand forecast foithe projected system load factor The projected system load factoremains
fairly consistent during the period of analysisranging from 38.4 percent in 2018to 39.7 percent in
2037. The slight increase in load factoand relatively flat peak demand growth rateare reasonable
and result from a combination of factors. Theseesults reflect the continuedinstallation of rooftop
solar systems by residents or commercial users, programs that may be introduced by State of
California to enhance energy efficiency measures to be incorporated into new residential housing
and commercial buildings and assumptions regarding the growth oEVsand demand response.
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Table4-3 Projected Net Energy Requirements, Peak Demand ForecastLaad Factor

NET ENERGYREQUIREMENTS PEAK DEMAND

PERCENT PERCENT LOAD
YEAR CHANGE (%) CHANGE (%) FACTOR (%)
2017 (actual) 798,960 2.18% 2414 451% 37.8%
2018 767,535 -3.93% 2281 -5.51% 38.4%
2019 767,119 -0.05% 2273 -0.37% 38.5%
2020 766,632 -0.06% 226.7 -0.25% 38.6%
2021 763,013 -0.47% 226.2 -0.21% 38.5%
2022 761,992 -0.13% 226.0 -0.12% 38.5%
2023 762,510 0.07% 2259 -0.01% 38.5%
2024 767,096 0.60% 226.1 0.09% 38.7%
2025 768,249 0.15% 226.4 0.11% 38.7%
2026 770,535 0.30% 226.6 0.11% 38.8%
2027 773,399 0.37% 227.0 0.14% 38.9%
2028 778,734 0.69% 227.3 0.13% 39.1%
2029 780,769 0.26% 22738 0.24% 39.1%
2030 782,358 0.20% 228.0 0.10% 39.2%
2031 784,084 0.22% 228.4 0.17% 39.2%
2032 788,191 0.52% 228.8 0.17% 39.3%
2033 789,134 0.12% 229.3 0.20% 39.3%
2034 792,330 0.40% 2297 0.19% 39.4%
2035 796,280 0.50% 230.2 0.23% 39.5%
2036 802,497 0.78% 230.8 0.24% 39.7%
2037 804,309 0.23% 2312 0.19% 39.7%

AAGR 20B-2037 0.025% 0.071%

Source: City of Redding

4.4 COMPARISON TO CEREOAST

Theenergy requirementsforecastused in thisIRPand prepared byltron can be comparedo the
forecast published by theCEQn its document California Energy Demand 2022030, which is
T:tN:I:Z‘,:I:T f"_fzz) f. ,fn_ (A~ —éi .I.. ._i%onf_:l:-l- .:l:”%o) ‘Z(“.) i!t!l_é

As seen irFigure 4-4, the CEC forecastsf energy requirements is comparable to the IRP forecast
through 2030, with the CEC forecast ending750 GWh) approximately 4percent lower than the
forecast in 2037(782 GWh). Overall, the CEC forecast of energy requiremerdscreases slightly
while the forecast of energy requirements increases slightithrough 2030.
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The peak demand forecast diffesslightly in that the CEC reports dower peak demand inCOR
relativetotheltron """ ... fe—& =« trsza ie "ffe fot€fRik Z12.3 MW The
corresponding figurein Itron 1 forecastis 228.1 MW.

Similar to the energy demand forecast, the CEC projects declining peak demand through 2030,
whereas kron projects relatively flat demand throughout the forecasted period. Still, the forecasts
are substantially similar, especially during the middle years of the projection.

Figured-4 Energy Requirements ComparisdbOR-orecast vs. CEC Forecast@dR
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5.0 Customer Programg<nergy Efficiency and Demand
Response Resources

Customer Programsgnergy efficiency,and demand response resources are an important
consideration in the development of an IRP and PUC reguitats require their considerationin
resource planning. To the extent that reasonable estimate®uld be developed the load forecast by
Itron considered past and currentefforts to reduce consumption through energy efficiency
programs and reduce GHG emigss with electrification programs. The energy requirements and
peak demand projections reflect the impact of aggressive efforts to reduce energy consumption,
system peakand GHG enssions through the multiple programs described in this section.

Promoting energy efficiency and demand response programs goes back many years and, in part, has
been fostered by the requirements of PUC 9505. Section 9505 requirBOUSs, starting in 2013, to
describe and quantify POU investment in energy efficiency and demaneduction programs; to

describe the funding for these programs; to explain the method used to estimate casffectiveness;

and to establish annual energy savings and demand reduction targets and report savings achieved.

This section compares the AdditionaRchievable Ehergy Eficiency (AAEE savingsincorporated in
the IRPassumptions andthe target establishedunder PUC Section 9505. Estimated market,
economic, and technically achievable energy efficiency savings from studies usedestablish target
savings under PUC Section 950%are also summarized

5.1 ENERGY EFFICIENGYGRAM BACKGROUND

Targets for energy efficiency programs (and established under PUC section 9505) are based on the
net market potential estimated in the Navigant study? The net market potential provides a

forecast of market potential for specific utility energy efficiency programs. The net market

potential is a subset of the total economic potential and technical potential and recognizes that not
all of the impacts tha are technically or economically achievable will be realized.

Theenergy efficiency program portfoliowas redesignedin 2016, with a launch of new programs in
2017, and continues to develop new offerings that will help achieve energy efficiency goaisothe
IRP planning period those programs are being actively promoted.

During program years 20152017, savings achieved exceeded the SB 350 targets set by the CEC
(seeFigure 5-1). In fiscal years (FY) 2018022 and 20272028, however, new ways t@achieve
savingsbeyond the PUC 950%arget must be explored New programshave been developedo help
fill this gap and have provided new ways to apply, including a new mline rebate portal and arebate
catalogscheduled to be releasedoward the end of 2018.

The AAEEsavings assumed in the IRP filing represent the difference between targets established by
CORunder PUC section 9505 and the annual target set by the PUG@ia SB350 Doubling Report.

The relationship between SBB50 targets and the AAEE required to make up the difference is shown
in Figure 5-1.

10 CMUA, POU Potential and Goals Study, March 2017http://docketpublic.energy.ca.gov/PublicD ocuniERs17
06/TN217482_2010508T153251_Appendix_B_ 20182027_Annual_Targets_All_POUs.xIsx.
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COMPARISON OF SB 350 TARGETS, 9505 TARGET, AND
AAEE
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Figure5-1 Comparison of Energy Efficiency Targets and Historical Achievements

5.2 CURRENT ENERGY HBERNICY INITIATIVES

CORefce—fcoo f "' —e— o—c—F " fef"%> £ "<c...cte...> """ %" foe —Df- ™McZ7
doubling statewide energy efficiency savings as codified in SB 35&nergy efficiency pograms are

intended to offer maximum benefit to the community while meeting all regulatory requirements.

The regulatory requirements include the following:

Public Utilities Coce 8§ 385 requires that the utilities collect and spend a percentage of their
base retail electric revenues on qualified Public Benefits Programs. The customary amount
collected by public utilities in California is a minimum 2.85ercent of annual base retéd
electric revenues. The funds must be spent on programs in four categories including energy
efficiency, research and developmenREresource development and lowincome assistance.

Public Utilities Code § 386 requires each local, publiclgwned utility to ensure that low-
income families have access to affordable electricity, and the level of assistance reflects the
level of need. Furthermore, utilities shall ensure that lowincome families have access to
low-cost, nacost measures that reduce energy caumption.

Public Utilities Code § 454.5 and Public Utilities Code § 96b®th require utilities to
address unmet resource needs through energy efficiency and demand response prior to
procuring new sources of power.

Public Utilities Code§ 9505 requires each local, publicallyowned utility to report annually
investments and achievements in energy efficiency and demand reduction programs.
Furthermore, utilities must identify all potentially achievable costeffective electricity
efficiency saving and report savings targets to the CEC.

Public Resources Code § 25305.2 requiresdlCEC to report to the Legislature a comparison
of the annual energy savings targets versus the actual energy efficiency savings and demand
reduction for each locaPOU
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Public Resources Code § 25310 (c)(1) requires the CEC to set goals that dailible
statewide energy efficiency savings in California by 2038nd will require specific targets
for COR

A comprehensive list of energy efficiency projects and programs der consideration is described

below. The description indicates whether each program was included in the PI3€ction9505

—f %o f—sa fof <ed —=SF "t 738 ...'—e—fT foe O0..."00c——FT of " ce%04a " ™MSt-
to future AAEE goals and can suppbachieving the SB 350 target to double energy efficiency

savings.

5.2.1 CurrentResidential Energy Efficiency Programs

5.2.1.1 Residential Deemed RebatesCommitted Savings
The Residential Rebate Program offers prescriptive rebates for a variety of different measures that

work to reduce energy consumption and save customeranoney. The measures included in the
Residential RebateProgram are as follows

Energy Star listed Heat Bmp Water Heater

Conventional Storage Water Heater

Energy Star listed Ceiling Fan

Energy Star listed Variable Speed Swimming Pool Pump

Energy Star listed Window and Wall Air Conditioner

Energy Star listed Refrigerator

Energy Star listed WiFi enabled smart thermostat

New Air Conditioner including Split System Packageand Ductless Systems

Whole House Fan

Wall Insulation upgrade

Ceiling Insulation upgrade

Dual Pane Windows Replacing Single Pane Windows

5.2.1.2 ResidentiaWeatherization Program AAEE

To address he needs of incomegualified customers who do not typically participate in utility

rebate programs,alLow-Income Energy Efficiency Program (LIEER$ offered. LIEEP is available to
owners and renters residing in single familyhomes,multifamily dwellings , and mobile homeswho
meet the program income eligibility requirements. A trained weatherization contractor conducts
program marketing, customer enrollment and income qualification, dwelling assessment, measure
installation, and reports program detalils.

LIEEPutilizes a tiered approach that provides a suite of costffectivedeemedenergy efficiency
measures (Tier 1) to all participating customers, with a subset of customersho qualify for
additional measures(Tier 2). All eligible customersare able to participate in Tier 1 measuresthat
include lighting, appliances, HVAC Retrofits, \ARi thermostats, Tier Il smart power strips, and
others. However,for more substantial measures such as window replacement$iVAC
replacements ductreplacement, heat pump water heaters, etc.an energy auditis performed to
verify that the measure is costeffectivein a specifichome. This tiered approachprovides service to
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a significant number of customerswith Tier 1 measures, while allowing a mechanism to provide
significant dwelling upgrades tocustomers that needimprovements the most.

5.2.1.3 ResidentialShade Tree ProgralhAAEE

The Residential Shade Tree Program offers customers an opportunity to reduce energy
consumption by planting trees in locations that shade theihome. Customers sign up through an
online portal and locate the appropriate treeplanting site near their home. Based on the species of
tree selected and orientation to the home, the portal, powered byTree software, calculates the
energy savings ovethe life of the tree in a format that is beneficial for integrated resource

planning.

5.3 COMMERCIAL REBATES

5.3.1.1 Commercial Deemed RebatesCommitted Savings
Asuite of rebatesis offeredto incentivize building owners to install energy efficiency mechanical

equipment, refrigeration equipment, and appliances. The measures included in the commercial
deemed rebate program are as follows:

Auto door closers for walkin refrigerator and freezer doors

Anti-sweat door heater controllers

ECM Fan motors and motor carollers

Unitary air cooled air conditioners

Unitary heat pumps

Packaged Terminal Air Conditioners and Heat Pumps

Web-enabled programmable thermostats

Electric food service equipment including refrigerators, freezers, ice machines, steam
cookers, convectim ovens, fryers, griddles and combination ovenand vending machine
controllers

5.3.1.2 CommercialCalculated Lightingrebatest Committed Savings

Thelargest commercial program continues to be the calculated commercial lighting progranthis
program incentivizescustomers to upgrade interior and exterior lighting systems.

5.3.1.3 CommercialCustom Progrant AAEE

Thecommercial custom program serves commercial customers that are performing large projects
not addressed by other commerciatebate programs. Incentives are dsigned to promote
comprehensive projects to achieve energy savings over applicable end uses.

5.4 ADDITIONAL PROGRAMS

5.4.1.1 Current Municipal Programd AAEE

In addition to the residential and commercial programsthis program provides leadership and
incentives far projects that reduce operational costs, energy consumptigand GHGemissions.
These programs will contribute to AAEE and include the following:
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Retrofit of approximately 7000 existing HID stredlights with new LED fixtures at a rate of
approximately 1000 streetlights per year

Leading a @y -wide effort to implement an Energy Savings Performance Contract as
allowed by Goernment Code 8 4127.This comprehensive upgrade will coseffectively
reduce energy costs across allity departments

5.4.1.2 Future Programs

Qurrent programs are realizing increa®d participation rates and improved energy savings rates.
These observed trends are consistent with the market potential by end use projected by the
Navigant study through 2024, shown irFigure 5-2. Based on these recent successes and programs
launched in anticipation of SBB50 doubling requirements, it is projectedthat new programs

launched in 2017 and 2018 willaccommodate the AAEE gap and meet or exceed the current
savings target.
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Figure5-2 Annual EE Portfolio Market Potential by End Use

Although well positioned to meet the current savings targets, it is regmized that unforeseen
changes may requirefuture alterations to the program portfolio to better meet community needs,
respond to changing statutory requirements, or adapt to technology changes. Throughout the
planning horizon, program offeringswill be assessedto determine how to provide the best value to
customers and optimize energy efficiency impacts. Areas of opportunity that méwe consideredto
increase program energy savings or demand reduction include but are not limited to the following

Residential and commercial new construction programs

Residential and commercial behavioral programs
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Commercial retro-commissioning

5.5 DEMAND RESPONSE PREK3S

The CEC encourages POUsto include in the IRP Filing the expected quantitative impacts of planned
price-sensitive demand response measures that are proposgar being considered for future
implementation (for example, time-of-use rates), including discussion of POU demand response
programs.

Analysis of large customershas been conductedo determine if any have the ability to shift load
during periods of high demand. Due to the limited potential for load shifting,there are no current
demand response programs or timeof-use ratesofferedto customers. In the futuretime-of-use
rates may be offeredto non-residential customers however, the expected impact of new timeof-
use rates on peak load are expected to be negligible given the current limited ability of large
customers to shift significantamounts of energyload.

5.5.1 EnergySorage

Energy storage(ES)includes batteries and other technologies such as chillers that can store energy
for use at a future time. According tothe ESBIll (AB2514, signed into law in 2010), an ESsystem
shall do one or more of the following:

(1) Use mechanical, chemicabr thermal processes to store energy that was generated
at one time for use at a later time

(2) Store thermal energy for direct use for heating or cooling at a later time in a manner
that avoids the need to use electricity at that later time.

(3) Use medtanical, chemical, or thermal processes to store energy generated from
renewable resources for use at a later time.

4) Use mechanical, chemical, or thermal processes to store energy generated from
mechanical processes that would otherwise be wasted foretivery at a later time.

EScan be effective in reducing system peaks and providing energy at the time of day when it is of

most value. It can be viewed as a standlone resource, oiit can be coupled with a renewable

"fet—" . f e— .S fo ™cet 7 o Zfr PeteFIE——FLO TR —" T Qosts e et T1% "
for EShave decreased significantly in recent years and the cost decrease is expected to continue in

the coming years (see Sdion 6 for assumptions in this IRP).

Thefirst Thermal Energy Storage (TES) system was installed 2005 (a chiller-based system at
Redding Municipal Airport and another direct expansion TES system at the Redding Fire
Department). TES systems are wefluited for warm climates as they shift electrical demand from
peak hours to shoulder or off-peak hours, thereby creating value to customers. This participation in
the ESmarket was, in part, a response to AB 2514 and AB 2227.

AB 2514 requires load servingentities to evaluate whetherESprocurement targets should be
adopted. With approval by the Councilin 2012, a contractwas executedwith a primary TES
supplier, Ice Energy, to evaluate the TES capacity that couldbest-effectively installed in e
service area. The analysis determined that up to 1I¥IW of permanent load shifting could be
achieved through TES programs.
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In 2014, EStargets adopted were 3.2 MW for 2016 and 4.4 MW for 2020. This compares to actual
achievedE Scapacity of 3.6 MW by mie2017. Due to changing load conditions (lower sales,
reduced peak growth) in the stateand service area, in October 2017t wasrecommended that the
2020 storage target should be set equal to the 2017 achieved capacity of 3.6 M\W/aintaining this
level of TES (3.6 MW) was assumed in the IRP load forecast.

AB 2227 required utilities to submit a report on progress toward adopted= Sgoals. The report,
submitted to the CEC on December 29, 20168howed adequate progreswvith regards to the goals
adopted bythe Council in 2014. Plans are in placeto continue to evaluate the potential benefits of
additional ESas part of the IRP process going forward. To date, more than $6 millidras been
expendedon the TESProgram.

5.5.2 Additional Solar and Intermittency Anasys

To evaluate the potential benefits of addindg=S Black & Veatchvas commissionedto perform a
stochastic analysis o the load and generationin order to estimate the deviation of actual hourly
load, less generation (Interchange Load)}compared to scheluled hourly Interchange Load.In the
analysis Black & Veatch also included a case where a 10 M8lar PVProject(Solar Project) was
included in T *Interchange Load.

St e Sfe—c... fofZrece ™Mfo £ "ett (7 c0r < SItWHE @RiBKIS 8" " f—< oie
Microsoft Excel addin used to perform stochastic analysesThe 95 percent confidence intervals
with and without the Solar Projectwere compared to assessvhether the addition of the Solar
Projectimpacted deviation from schedulel net interchange.

In comparing the stochastic net interchange deviations frorthe schedule with and without the
addition of the SolarProject,it was observed based on the stochastic analysjshat there was not a
significant impact to the scheduled interchage deviations when comparing the case with 10 MW of
solar PV generation to the case withouhe Solar Project It was observed from the modeled results
that interchange deviation forcases® ™ «—S fet ™  SSarProfect@re at times wider than
the +/- 8 MW (6 MW, plus 2 MW for the contracted load with COSdégviation band whichCORhas
contracted with WAPA. A detailed report on the stochastic intermittency analysis is included in
Appendix C.

Analysis showsthat addition of anESsystemwould easedecreasing deviations from hourly
interchange schedules.Consideration and evaluation of the future addition of ESto smooth load

and generationwould continue, along with plans toinvestigate other contractual products which
could help manage the cost adcheduled interchange deviations The impact of future increases in
renewable generation or contracted renewable generationon Interchange Load deviation from
schedule will also be consideredThe level of impact on Interchangé_oad due to the addition of
these resources will likely be dependent on the resource scale and level of shaping of the resource
(e.g. inclusion ofESin an owned resource or contractual shaping included in BPA. Determination
of the leastcostESsolution will be the subjectof a future study.

11 City of Redding Report to Redding City Coulaihiel Beans, September 19,2017.
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5.6 TRANSPORTATION EIHETCATION

A number of studies have been performed and initial steps have been takiEnencourage increased
penetration of EVs. The highlights of these activities are summarized below

Aresidential EVRebate Program beganin August 2017. Under thiProgram, incentives of

$1,000 pernew vehicle purchased or leased is available, and anotheb® is availablefor

infrastructure costof f $ %27 . Sf"% 1" <o <oe—fZZFt 1 fAsofBldy ... —e—"eF"i
2018, atotal of 34 vehicles qualified forthe EVRebate Program.

Adedicated webpagehas been created, as well & email address where customers can
reach out to stafffor questions or commentsregarding EVs During the kickoff of theEV
Rebate Program, stdf met with local dealersto educate them on EVs andgvailable
rebates. A Ride-and-Drive Program is currently in the works as a meando further educate
our customers and spark interest.

A (ity -wide study to develop an infrastructure plan for the installaion of EVcharging

stations (EVCS) is currently underwaynd will evaluatethe best EVCS locationsptimal
number of charging stations, and will estimate power requirements and areas where new or
upgraded electrical service is required. Once the study is comple## implementation plan
will be developedand it is anticipatedthat petrol vehicleswill be replaced byEVswhere

and when it ispractical.

CORhas procured or help procure the following:

Oneelectric bus for Redding Area Bus Authority supplied monies to help RABA
secure full grant amount

Threeelectric 6 eanGreen dawn mowers forthe City of Reddng Facilities
Maintenance Department

Threeelectric cartsfor the City of Redding Police Department
Two electric cartsfor the City of Redding Parks Department

12 A Level 2 charger provides 240 VAC and chargesSimotirs, the equivalent of 220 miles per hour of cirge.
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6.0 The Need for Additional Resourcesid Resource Options

The developmentof the load forecast allows a comparison of capacity requirements with existing
and additional nearterm resources. The result wilhighlight the adequacy of existing and near
term additional resourcesand their ability to meet energy needs andcomply with RErequirements
during the 2018-2037 planning period; this determination will be done for a scenario that
contemplates continued operation of existing resources to meet future requirements.

Qufficient existing and nearterm capacity resourcesexist to meet its projected peak demand and
planning reserve requirements over the study period. However, additiondREresourceswill be
necessaryto meet RP 3equirements and added REresourceswill promote further GHG emission
reductions. The need for additionatenewable resources established in this section leads to the
development of severalScenarios that are modeled and presented from an economic cost aRé&
perspective in Section 8

6.1 EXISTING SYSTENPACITY BALANCE

Capacity balance is shown in Figurés-1 for the Existing SystemScenario. ThisSenario assumes no
additions to the systemare added through 2037 and reflects the expiration of the Big Horn wind
purchase after 2031

Thefigure indicates sufficient generation capacityexists to meet capacityneedsthroughout the
planning horizon; the excess generation capacity ranges from a high of 38 MW to 10 MW during the
2018-2037 planning period. (Sectior8 will present a similar capacity balance dér the preferred

plan; the figureis a simplified summary of the CRAT table included in AppendiA for the preferred
option.)
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6.2 EXISTING SYSTENENARIO ENERGYBREREMENTS AND RENBVA
ENERGY LEVELS

Figure 6-1 providesadditional information about the adequacy of theExisting SystenScenaria
Table6-1 indicates the total generation from resourcespurchases and sales that occuunder the
Existing SystemScenario. As seen iRigure 6-2, the — f — « ‘Isdlsand 2x1natural-gas fueled
combined cycle units are most active in the power market ovéhe planning period, and market
purchases acco—e— """ f e<%oe<” «... fe— Energysrequitemerits.

Figure 6-3 indicates the ability to meet itsREtargets if no additional REresources are added. In
the figure, a year in which a shortfall inrREoccursis displayed by the stacked bar chart not
meeting the red line.

As indicated inFigure 6-3, if no additional REresources are addedREtargets starting in 2019,

would not be metand the shortfall would continue through 2037. The shortfall would become
increasingly severe, such tat in 2030, only a 30 percentREcontribution would be received as
compared to the 50 percent requirement. For the remainder of the 2037 study period, the
shortage would dramatically increase once the Big Horn wind PPA expiries in 2031. Looking at the
RECoutlook, it is clear that theExisting SystenmScenario results in adeficiency ofREC

Figure 6-3 is very significant because it shows thatyvhile the Existing Systen can meet capacity
requirements and energy needs, it is not acceptable in that it does not comply with the obligations
necessaryto meet the targetedRElevels.

Figure 6-4 lists data pertaining to the GHG emissions under thexisting SystemScenario. These
emissions are compared to the proposed CARB limits under the low and high targets proposed by
CARB stafin July 2018. The 2030 targets proposed are between 57,000 (low target) and 101,000
(high target) of MTCQe. Figure 6-4 indicates that under theExisting SystenScerario, 2030
emissions are projected to bel 05,408 MTCQe; this is in excess of the low and high targets
proposed byCARB staff. This means thdtpm an environment and GHG (and RE) perspective,

the Existing SystemScenario is not a viable plan.

Based on the shortcomings of th&xisting SystenScenario, several additionaEcenarioswere
developed and evaluatedhs part of this IRP process. The objective was to balance resource
adequacy, economicsstakeholder input, andmeetobligations for REand GHG reductions. These
scenariosare presented in Section 8
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Figure6-3 REC Adequacy xisting Systerscenario
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6.3 SUPPLY SIDE RESOURCHNOLOGY COSTH ANMARACTERISTICS

In consideration of theobjective of achievingow electric costs, long-term reliability ,and fuel
diversity to lower risk of dependence on a single sourca,list of multiple resource optionswere
developedto evaluate as candidates to serve futunesourceneeds. All incremental options
considered in the analysis werdREsolar or wind resources. These options are discussed further in
this section.

6.3.1 Renewable Energy

To obtain indicative REPPA pricing, several locations were selected for modelingvith alternative
price and performance estimates developed for each locatioin total, five different modeling
profiles were developedfor different solar projects representingpotential project sizes that could
be located within each region The projects are described inrable 6-2 and were sized to reflect
sample projects of differingproportions.

The solar projecsin Table 6-2 were assumed taconsist ofsingle axis tracking systems (SAT). SAT
systemstend to have better output in the late afternoms when generation isoften the most

valuabled St o Zf” "t —.—<'e T FfL.S Z' . f—<'e ™Mfe ottt ZEt ™S
module and used weathedata representing each location. The inverter loading ratio (ratio of

module capacity to inverter cgacity) was assumed to be 1.3. Typical SAT systems haweert s of

1.25 to 1.30 today and are optimized for project location. The capacity factor was calculated based

on the AC project capacity. Additionally, the lonterm degradation of the systems wasssumed to

be 0.7 percent per year.

It is noted that, independentof, and prior to the IRP processanalysis indicaed that the addition of
a 10 MW PV PPAIn the 2021 timefram&ould be beneficial. The project is being pursuethrough
the NCPA.While the exact cost and performance will be determined through competitive bidding,
the Site 1 projectinTable6-2 is considered to be proxy for the project.The Projectis currently in
PhaseTwo (out of three) in development and this phase includes all preonstruction engineering,
design, and environmental review tasksOn June 5, 2018, th€ouncilapproved the Phase Two
activities that include the following actions:

(1) Authorize participation in Phase Two of NCPA Solar Project 1 including, approving
the Second Phase Agreement, the Power Management and Administrative Services
Agreement, and the Amended and Restated Facilities Agreement;

(2) Authorize the CityManager, or designee, to execute the agreements and any
associatedamendments and administer the project;

(3) Adopt Resolution approving the 34th Amendment to City Budget Resolution
No0.2017-057 transferring needed funds for phase twos

Due to the relatively advanced stage of this projecdl scenarios developed irSection 8of this IRP
incorporate the 10 MW PV project in 2021, with the exception of thExisting SystemScenaria The
economic analysis inSection 8will demonstrate that the addition of the project not only
contributes to achievingREand GHQGargets, but the project is costeffective when compared to the
Existing SystemScenario. For this reasorthe addition of the Solar Rojectin 2021 (and not the

13 City of Redding Report to the City Council, 4.%(Authorization to Participate in Phase Two of NCPA Solar
Project 1 Daniel Beans, Director of Electric Utility,
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Existing SystemScenario) is considered to be theBase Casé&cenariq and additional scenarios are
developed around this nearterm addition to meet RPS requirements and to evaluate the economics
of additional resource options.

Table6-2 Solar Systems and Modeled Performance

PROJECT MODULE CAPACITY | CAPACITY
CAPACITY | CAPACITY FACTOR FACTOR | DEGRADATION

LOCATION [MWAC] [MWDC) (DC) (AC) (ANNUAL %)

1 North CA 21.5% 27.9% 0.7%
2 ORI/CA 100 130 20.8% 27.0% 0.7%
3 Arizona 100 130 25.5% 33.1% 0.7%
4 Central Valley 20 26 23.5% 30.6% 0.7%
5 Central Valley 100 130 22.9% 29.8% 0.7%

Source: Black & Veatch

Two wind projects were also evaluated aslevelopmentswithin possible future planning Scenarios.
The wind project assumptions are shown inTable6-3. Wind projects now tend to be 100 MW or
more, So it was not realistic to model smaller wind farms. It was assumed, Wwever, that CORcould
purchase less than the full output of a largevind farm.

Wind capacity factors were derived from analysis performed for variougeographicenergy zones
as part of the California Public Utility Commissiorii Renewable Portfolio $andard (RPS)
Calculator effort, to whichBlack & Veatch contributed. No degradatiowasassumed for wind
farms.

The location of the solar and wind projects used in this RFP is shownhiigure 6-5. The location
impacts the project capacity factor, capital cost, and transmission cost.
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Table 6-3 Wind Systems and Modeled Performance

PROJECT
CAPACITY CAPACITY DEGRADATION
LOCATION [MWAC] FACTOR (AC) (ANNUAL %)
6 North CA 100 30.0% 0.0%
7 Arizona 200 30.0% 0.0%

Source: Black & Veatch

Figure6-5 Location of Renewable Resource Proj€zndidate Units in the IRP
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6.3.1.1 Cost Assumptions

REproject costs vary depending on system sizeyear installed, andocation costs. The capital costs
provided represents an altin installed cost, or total capital expenditures (CAPEX), including EP&
owner's costs, developer fees, interconnection, financing fees, and construction interest. This total
cost is used as the capital cost when calculatirige levelized cost of energy I(COB generation. As
part of the CAPEX, Black & Veatch also assumedittimterc onnection costsfor solar and wind

would vary by size as shown inTable6-4 and Table 6-5. Actual interconnection cost will be highly
site specific. The total operating expenses, including O&M, property taxes, equipment replacement
and other administrative costsassumed in the analysisre generic and do not attempt to capture
locational differences across thevarious project § sites.

Table6-4 2020 Cost Assumptions for Solar SAT Systems (Nominal$)

SITE
1

INTER- FIXED
CONNEE FIXED 0&M
PROJECT| TION cAPITAL | caAPITAL 0&M ESCALA
CAPACITY| cosT COST COST COSTS TION
LOCATION | [MWAC] ($M) [$/ KWAC] | [$/ KwDC] | [$/KWAC] | (ANNUAL)

North CA 10 $0.5 $1,770 $1,362 $26 2.5%
2 ORI/CA 100 $5 $1,440 $1,108 $26 2.5%
3 Arizona 100 $5 $1,380 $1,062 $26 2.5%
4 Central Valley 20 $1 $1,730 $1,331 $26 2.5%
5 Central Valley 100 $5 $1,580 $1,215 $26 2.5%

Source: Black & Veatch

Table6-5 2020 Cost Assumptions for Wind Systems (Nominal$)

PROJECT FIXED O&M FIXED O&M
CAPACITY CAPITAL COST COSTS ESCALATION
SITE| LOCATION [MWAC] [$/ KWAC] [$/KWAC] (ANNUAL)
6 North CA 100 $1,700 $35 2.5%
7 Arizona 200 $1,550 $35 2.5%

Source: Black & Veatch

4 W 3 v e (}E&"*VP]v EU % E }AddH obal trade faviffs @ere igposed on imported solar cells

in January of 2018, resulting in increases in module costs. However, the new tariffs are set to decline over the next
four years, and module costs are expected to continueto fall. Thus, module costs are assumed to bidcsimila

2017 levels by 2020.
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To determine the estimated cosbf 2030 projects,it was assumed that capital costs wouldecline
1 percent per year in realterms for wind and solartechnologies amidan inflationary environment
of 2.5 percent per year. The escalategchnologycosts for 2030 are shown inTable6-6 and Table
6-7 below.

Table6-6 2030 Cost Assumptions for Solar SAT Systems (Nominal$)

INTER-
CONNE€E FIXED
PROJECT TION CAPITAL CAPITAL O&M FIXED O&M
CAPACITY COST COST COST COSTS ESCALATION
SITE|] LOCATION | [MWAC] ($M) [$/ KWAC] | [$/ KwDC] | [$/KWAC] (ANNUAL)

1 North CA 10 $0.64 $2,049 $1,576 $33 2.5%
2 OR/CA 100 $6.4 $1,667 $1,282 $33 2.5%
3 Arizona 100 $6.4 $1,598 $1,229 $33 2.5%
4 Central Valley 20 $1.28 $2,003 $1,541 $33 2.5%
5 Central Valley 100 $6.4 $1,829 $1,407 $33 2.5%

Source: Black & Veatch

Table6-7 2030 Cost Assumptions for Wind Syste (hominal$)

PROJECT CAPITAL FIXED 0O&M | FIXED 0&m
CAPACITY COST COSTS ESCALATION
SITE | LOCATION [MWAC] [$/ KWAC] [$/KWAC] (ANNUAL)
6 North CA 100 $1,968 $45 2.5%
7 Arizona 200 $1,794 $45 2.5%

Source: Black & Veatch

6.3.1.2 Levelized Cost of EnerdiCOE)

To model the LCOE of each of the representative projects, Black & Veatch assumed a-fhairtly
independent power producer (IPP) structure wherePP Apricing is based on the LCOE. A number of
financial incentives were incorporated into the modeling as distissed below As a tax exempt

entity, CORcannot directly use the investment tax credit, however, by contracting with an IPP
under a PPACORcan share in the tax credit through the PPA pricing.
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6.3.1.3 Financial Assumptions

The 2018 Tax Reform bill changed the federal corporate tax rate from 35 percent to 21 percent
while still allowing state income taxes to be tax deductible, resulting in the composite income taxes
for California, Arizona, and Oregoas shown below.

Table6-8 Assumed Federal and State Income Tax Rates

[ curomua | auzona | orecon |
Federal Income Tax 21% 21% 21%
State Income Tax 8.84% 6.97% 7.70%
Composite Income Tax 28.0% 26.5% 27.1%

Source: Black & Veatch

6.3.1.4 TaxCredits

The Consolidated Appropriations Act, signed in December 2015, extendie investment tax credits
(ITC) that apply to solar technologies and wind. Wingbroject owners can opt for the ITC in lieu of
the production tax credit (PTC) which was alscextended, but wind typically benefits more from PTC
at better wind sites. The credits do declineover time, as shown in Table ®. The availability of tax
credits shapes the strategy of purchasing wind and solar from private developers through a PPA
instead of selfbuilding since CORs a tax exempt.

ITC is a credit taken as a percentage against the capital cost ¢iEasystem. The capital cost
basis allowed is defined by théRS If the projectowner opts for the ITC, the depreciation
basis will need to be reduced by 5@ercent of the ITC (e.g.30 percentITC, therefore=>
Depreciation Basis would be 8%percent of the capital cost)

PTC is an inflationadjusted perkilowatt -hour (kWh) tax credit for electricity generated by
qualified energy resources and sold by the taxpayer to an unrelated persaluring the
taxable year. The duration of the credit is 10 years after the date the facility is placed in

service.
For 2020, solar projects can receive a 30 percent ITC against the total capital cost of their project, if
St ""Et...— 0,1 % <o y.théend bE2019: Fertthjs analysist was assumel that the

solar projects begin constructionin 2019 and come otine in 2020 to take advantage of the
30 percent ITC. Otherwise the incentive drops to 26 percent in 2020. By 2030, the ITC drops to
10 percent.

While wind project owners can select betweerthe ITCand thePTC, the drop in the benefit®f the
ITCoccur sooner, so by 2020, there are no incentives available for wind, unless construction started
in 2019. In this caseit was assumedthat condruction start sin 2019 and wind owners take
advantage of the PTC at a rate of $9 per MWh, escalated at inflation for the first 10 years of the
project. By 2030, wind does not receive angroduction tax credits, as displayed inTable6-9.
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Table6-9 Tax Credit Assumptions

TECHNOLOGY FUTURE
(CONSTRUCTION 12/31/19 12/31/20 12/31/21 12/31/22

M \E
START)
Solar PV 30% 26% 22% 10% 10%
Large Wind
(Estimated PTC per $9 N/A N/A N/A N/A
MWh)

Source: Black & Veatch

6.3.1.5 Accelerated Depreciation

Historically, solar and wind projectshave beenable to utilize a 5year accelerated depreciation
schedule (MACRS) that helped improve project economics. The 2018 Tax Reform bill now allows
REprojects to take 100 percent tax depreciation on the total cost of the projectin year 1. Industry
experts bdieve, while quite generous, few investors would be able to take full advantage of this new
depreciation schedule, sahe modeling in the analysis assumed &-year MACRS schedule, where
approximately 90 percent of the total capital cost would be depreciakl

6.3.1.6 Cost of Capital

IPPs have multiple methods of fundindRE projects. For modeling purposesit was assumed that
the debt/equity structure for both solar and wind projects would be asshown Table6-10. In recent
years, the cost of capital foREprojects hasdropped substantially in terms oflower interest rates
on debt as well as lower equity return requirements by investors. The debtterm was modeled for
20 years while the life of the project was 25 yearsn the analysis performed

Table6-10 Cost of Capital Assumptions for Solar and Wind

FINANCIAL FACTOR SOLAR WIND

Debt Percentage 50 60
Debt Interest Rate(percent) 4.5% 4.5%
Debt term (Years) 20 20
Economic life(Years) 25 25
Cost of equity (after tax) (percent) 10% 10%

Source: Black & Veatch

6.3.1.7 Levelized Cost of Energy

The LCOE for the renewable projects with commercial eline dates in 2020 and 2030resulting
from the input assumptions and analysisare shown in the tables below. As displayed ifable 6-11,
Table6-12, andTable 6-13, the LCOE representsvhat isassumed to bea fixed price 25year PPA.
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Renewable Energy Projects LCOE (Nominal$) 2020 COD

Table6-11 Renewable Energy Projects LCOE (Nominal$) 2020 COD

NOMINAL

PROJECT] CAPACITY] CAPITAL LCOE
TECH CAPACITY] FACTOR COST ITC OR RESULT

NOLOGY LOCATION [MWAC] (AC) [$/ KWAC] PTC | ($/MWH)
1 Solar SAT North CA 10 27.9% $1,770 30% $53
2 Solar SAT ORI/CA 100 27.0% $1,440 30% $48
3 Solar SAT Arizona 100 33.1% $1,380 30% $38
4 Solar SAT  Central Valleyl 20 30.6% $1,730 30% $48
5 Solar SAT Central Valley2 100 29.8% $1,580 30% $46
6 Wind North CA 100 30.0% $1,700 $9/MWh $60
7 Wind Arizona 200 30.0% $1,550 $9/MWh $56

Source: Black & Veatch

Table6-12 Renewable Energy Projects LCOE (Nominal$) 2030 COD

PROJECT | CAPACITY | CAPITAL NOMINAL
TECH CAPACITY | FACTOR cosT | ITCOR LCOE
sITE] NoLoGY| LOcATION [MWAC] (AC) [/ Kwac] | ptc | @/mwh)

1 Solar SAT North CA 27.9% $2,049 10% $85
2 Solar SAT ORI/CA 100 27.0% $1,667 10% $75
3 Solar SAT Arizona 100 33.1% $1,598 10% $59
4 Solar SAT Central Valleyl 20 30.6% $2,003 10% $76
5 Solar SAT Central Valley2 100 29.8% $1,829 10% $73
6 Wind North CA 100 33.1% $1,968 $0 $75
7 Wind Arizona 200 33.1% $1,794 $0 $70

Source: Black & Veatch

Since the ITC and PTC vary year by year, the following table shows the year by year LCOE for
projects that come online for that year, assuming construction start dates of the previous year.
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Table6-13 Project Nominal LCOE 2020 to 2030

Solar SAT  Solar SAT  Solar SAT  Solar SAT  Solar SAT wind Wind
Central Central

North CA OR/CA Arizona Valley Valley North CA Arizona
2020 $53 $48 $38 $48 $46 $60 $56
2021 $58 $52 $41 $52 $50 $70 $65
2022 $65 $57 $45 $58 $55 $70 $66
2023 $75 $66 $52 $67 $65 $71 $66
2024 $77 $67 $53 $69 $66 $71 $67
2025 $78 $69 $54 $70 $67 $72 $67
2026 $79 $70 $55 $71 $68 $72 $68
2027 $81 $71 $56 $72 $69 $73 $68
2028 $82 $72 $57 $73 $70 $73 $69
2029 $83 $73 $58 $75 $71 $74 $69
2030 $85 $75 $59 $76 $73 $75 $70

Source: Black & Veatch
Note: The above costonly includes energy; transmission is not included

6.4 ENERGY EFFICIENCY

6.4.1 Building Standards

California has continually increased the energgfficiency of new construction and appliances since
the Warren Alquist Act(Act) of 1974. These efficiency standards (Title 24)ave since been
updated to mandate Zero Net Energy (ZNE) residential new construction starting in 2020. ZNE
homes require enegy efficiency that will be achieved through implementing a high efficiency
envelope (insulation, windows, etc.), and efficient Heating, Ventilation, and Air Conditioning
(HVAC) units. The remaining energy consumption must be offset by distributed generatip
predominantly rooftop solar generation, sized so that the annual building consumption (excluding
of——"fZ %ofe <o f'"'8cof-%7> F“—fZ —' ,—«ZEffectisdin 2080 allnelx ... <—> %oFeoF
commercial construction will also be regiired to meetthe ZNE standard. In addition, the Act
requires that fifty percent of existing commercial buildings be retrofited to ZNE by 2030 andifty
percent of new major renovations of state buildingsbe ZNEcompliant by 2025. The increased
energy efficiency stamards will contribute to alack of load growthin future years.
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6.5 ENERGY STORAGE

As explained in Section 5.8;0ORhas been heavily involved in the TES market for years and has
invested more than $6 million in TES technologies.

Technology changes have led tocreasing interest in the use of batteries in the energy market.
Battery Energy Sorage Systems (BESS)which can be independent systems not linked t&Vs,can
be useful in a broad variety of gridbeneficial applications including use as a capacity resoee, for
load shifting, and frequency and voltage support.

8f  Sfe "t teefettt —8f—  ie . teectt” -8t "7t ‘‘genetdtiptot <o fT1"%

REwhen solar energy production exceeds local demandin California, this caroccurparticularly
during the daytime peak solar production periods. If the excedREis used to charge a BESS system,
the stored energy can be used during the evening ramping periaahd allowing utilities to avoid
GHGemissions that would otherwise be produced if the energdemand was met by conventional
thermal resources.

A major benefit of BESS is the ability to provide multiple services in one location to meet the needs
of the grid. BESS can be configured to respotwgrid needsin less than asecondthereby

providing the capability for a faster response time than conventional generation resources. Some of
the concepts being considered for BESS applications include:

Load Shifting: In load shifting applications, BESS are charged with lower priced energy
which can help mitigate curtailment of excess renewable generationwhen renewable
generation exceeds demand and the stored energy used at a later timesuch as during
evening ramping periods.

Peaking Supply: The power output capacity of BESS can be used t@eh capacity resource
adequacy requirements and replace conventional peaking capacity to provide shedrm
power needs during periods of peak demand.

Frequency Regulation and Voltage Support: BESS can be used to mitigate load and
generation imbalances andnaintain grid frequency and voltageneeded for grid stability.

Spinning Reserve: BESS can be utilized to provide energy needs within 10 minutes, as an
alternative to conventional generation that must be kept online and synchronized to the
grid in anticipation of a need.

Firming of Intermittent Resources: o fo Lt —eft = 07700 FTet"%o> T — ..

variable energy resource such as solar or wind generation and provide a more
predictable energy profile to the grid.

Transmission Upgrade Deferral: BESS may offer a way to defer or avoid transmission
upgrades.

BESS applications are often selected for primary use in either a power or energy application. Power
applications tend to be of shorter duration (approximately 15 minutes to one hour) with

operational profiles involving frequent rapid responses or cycles. Energy applications generally
require longer duration (approximately 1 hour or more).
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6.5.1 Performance and Cost Assumptions for Energy Storage

Because lithium ion batteries are widely accepted as agven technology for BESS applications, a
lithium ion battery was chosen as the technology for this analysisTable 6-14 highlights the BESS
performance parameters ugd in the IRP analysis.

Table6-14 Representative Performance Parameters for Lithium lon Battery Systems

PARAMETER LI-ION

Facility Capacity Power Rating, MW 5

Discharge Duration at Rated Capacity, hours 4

Facility Energy Rating, MWH 20

Round-Trip Efficiency, percent 85%

Estimated life, cycles ~5,000
Installed Levelized Capital Cost, $/k\Ayr2 $533

Fixed O&M Costs, $/k\Wyr $20

Variable O&M Costs, $/kWh (charge or discharge) $0.001 to 0.005
Notes:

1. Therating is based on installed project size.

2. Battery cost scales with MWh, whereas balance of plant and PCS costs te
to scale with power (MW). Because of this, installed costs tend to have a
wide array of values.

Source: Black & Veatch
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7.0 Modeling Assumptions, Tools, and Methodology
7.1 MODELING ASSUMPTIONS

7.1.1 Load forecasts
The load forecast used for the IRP analysis wasesented inTable 4-3 of Section4.0.

7.1.2 Natural Gas and Average Market Prices

For the purposes ofconomic analysisa projection of natural gas fuel prices and poweenergy
priceswere required (seeFigure 7-1, Figure 7-2, andFigure 7-3). The methods used to produce
these prices by Ascend Analytics Curve Developand PowerSimm software suite aralescribed in
Section 7.2 below.

Spot market prices for g@s and power are simulated in the PowerSimm construcTable 7-1
demonstrates the average annual simulated spot gas and power prices (meart, and 95
percentiles of the simulations)delivered to PG&E City Gate and NE5 respectively. These prices
drive model given thatCORdispatches their own units or transacts with these marketsto find the
most economic electricity supply.

Table7-1 Natural Gas and Market Energy Prices Assumed inthe IRP

SPOT NATURAL GAS PG&CG AVG ANNUAL POWERMARKET AVG CARBON ALLOWANCE

ENERGY PRICE$ PRICE$

MEAN
2018 2.72 291 3.13 35.96 40.38 45.61 14.84 14.99 15.16
2019 2.34 2.82 3.38 25.37 38.50 55.91 15.02 15.59 16.17
2020 2.28 2.80 3.39 26.25 41.36 64.10 15.25 16.23 17.31
2021 2.27 2.87 3.67 25.25 45.05 70.64 15.70 17.06 18.60
2022 2.18 2.96 3.86 26.17 47.75 74.57 17.65 18.86 20.23
2023 2.27 3.05 3.90 29.02 49.74 74.64 18.98 20.27 21.75
2024 2.12 3.16 4.34 30.93 51.59 81.67 20.40 21.79 23.38
2025 2.26 3.25 4.61 30.83 53.87 83.02 21.93 23.43 25.14
2026 2.27 3.34 4.71 31.66 55.76 86.98 23.57 25.18 27.02
2027 2.04 3.42 5.27 35.24 57.73 91.15 25.34 27.07 29.05
2028 1.98 3.51 5.59 35.17 59.78 93.66 27.24 29.10 31.23
2029 2.25 3.59 5.55 38.30 61.94 90.38 29.29 31.29 33.57
2030 191 3.68 5.77 37.64 64.21 100.48 31.48 33.63 36.08
2031 1.89 3.81 6.83 36.04 66.57 117.45 33.84 36.15 38.79
2032 2.02 3.90 6.83 38.81 69.07 115.55 36.38 38.87 41.70
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SPOT NATURAL GAS PG&CG AVG ANNUAL POWERMARKET AVG CARBON ALLOWANCE

$ ENERGY PRICE$ PRICE$
YEAR MEAN
2033 2.05 4.00 6.52 42.49 71.69 111.11 39.11 41.78 44.83
2034 1.95 4.10 7.03 39.63 74.41 121.38 42.04 44.91 48.19
2035 2.04 4.20 8.55 44.99 77.31 123.11 45.20 48.28 51.80
2036 2.04 4.31 8.24 48.73 80.34 123.41 48.59 51.90 55.69
2037 1.95 4.41 7.76 51.97 83.56 126.09 52.23 55.80 59.87

*The Average Market Energy Price data in the last three columns are average annual hourly values.

Source: Black & Veatch
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As reported in Table 7-1, these prices are annual equivalentsr averages for the stated year. When
performing the economic analysis of this report, the actual anadjs prices used were hourly, on/off
peak, daily,or monthly as was appropriate and included the natural gas market, electric power
market (NP15, COB)and California Carbon Allowance (CCA) market.

7.1.3 Discount Rate

The analysis utilized a 2.5 percent discounate. This discount rate was applied to future costs and
revenues to determine estimated future net costs of serving loaoh a net present value basis.

7.2 ASCEND ANALYTICSNINING SUITETOOLEOR MODERN RESOURCE
PLANNING

The Ascend Analytics Planning e is a set of software programs consistingf Curve Developer
(CurveDev) market harvesting and modeling, PowerSimm Planner (Powerf@in) production cost
model for system operations simulation, among other toolsThe suite is designed, maintainegand
supported by Ascend Analytics and was used for the IRP.

7.2.1 CurveDev and PowerSimmTools for Market Prices

Forecasting market pricesby CurveDevbegins by harvesting forward price quotes fronthe
Intercontinental Exchange (CE). This is done fomarkets available atP G&E City GateCalifornia
Carbon Allowance NP15and MidC. As there are no ICE quotes for COB, this value is derived from
historical relationships to the NP15 and MidC price. Beyond the time horizon covered the
harvested broker quotesto the end of the study period a 2.5% annual increase is used fgas and
energy prices and 7.5% for carbomprices. Together, the broker harvest and post processing
represents a single price curve for each marketnd are summarized annually inTable7-1.

Studies in this report use harvested data as dfune 25, 2018 PowerSimmwill pull in the latest

price curve from CurveDe& up until this date, and use this as the mean for all simulated prices. For
stochastic studies, PowerSimm also pulls in the 90 business days prior to thene 2% harvest date
of the study when simulating prices. The 90 days of data is used to calculate the correlaso
between markets and dates, as well as the volatility of each market. This information is then used
to simulate a distribution of prices that matches the historical correlations and volatilities, while
still scaling the mean to the most recent price cwe. These prices were rolledup to producethe
annual data as presented iffable 7-1.

Tte—c'efZ <o™ ef—cte te —""F 7 fet ‘™ AAd capabilitiés-canbe found in
Appendix D.

7.2.2 CurveDev and PowerSimmTools for Modern Resource Planning

Combined, CurveDev and PogrSimm tools form a platform for modern resource planning, in an
era of increasing uncertainty in electricity supply driven by the deployment of variable renewable
generation. The uncertainty in electric supply brings with it risk that will affect the cosand
viability of potential projects needed to meet statemandated renewable portfolio $andards. Not
only does PowerSimm provide the appropriate mean cost estimates under multiple correlated
scenarios but is also able to monetize (assess an equivaleobst of) the risk. This assessment,
known as the disk premium ¢can be equated to an insurance premium used to protect against
uncertainty that could becaused by weather, market prices of gas or powgand variability of non-
dispatchable resources. Wi PowerSimm can report an abundance of useful output data, for
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economic assessments of potential candidate plans,is sufficientto compare the gstem annual
mean cost and the annual risk mium together.

Additional information on CurveDev and ‘™ 1”7 ceeje o3 —S't fot ... f'f,<Zc—<Fe ... fo T "=
Appendix D.
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8.0 Evaluation and Results

In this section, the economic analysis performetbr the system is described. In general, the
analysis is aimed at minimizing system costs a sentiment that was of utmost importance to
Stakeholders while also meeting the several targets that have arisen under the state RPS and
environmental policies deseibed in Section 2, including the following goals:

Low cost and reliability
50 percent renewable energy by 2030 and meet intermediate goafser SB 350
Increased energy efficiencyer SB 350

2030 GHG within the July 2018 CARB staff recommended targets (loibs7,000 MTCOZ2e
and high of 101,@0 MTCO2eer SB 350

Based upon past experience and Stakeholder input, an important targeas been identified

selecting a resource planning scenario that reasonably balancesiltiple typesof REresources
Specifically, to achieve @alance inPV and wind resources over the planning horizors vital asa
balanced portfolio mayreduce risks associated with oveireliance on a single technologyPortfolio
diversity protects customers from contingencies suclas market fuel and power prices, fuel and
power availability, as well as changes to the load and resourceglso, a balanced wind and solar PV
energy generation combination is deemed to be a better fit to hourly system energy demand profile
than a planheavily weighted toward either wind or solar. A balanced wind and solar PV energy
generation profile is also consideredprudent for a number ofother reasons.

As one example, just as theris a reluctance to develop additional hydroelectric renewable
resourcesbecause of concerns about possible adverse impacts on fish and other wildligéeme
industry stakeholders and several CORStakeholdershave expressed concerns abowver reliance
onwind generation due tothe possible impact on avian populations. Thus, in addition to the above
bulleted items, staff developed ad ranked enarios withthe objectiveof achieving a balance
between wind and P\REgeneration.

8.1 ECONOMIC EVALUATIBRAMEWORK

Theaim of the economic analysis is to meet these requirements while minimizing the lortgrm

present worth cost of incremental power to customers. This cost is commonly called the

cumulative present worth cost (CPWC) of 8cenarioda S <o Z—Fte—GFL0..  Fe—0a
which refers to the power supply costs incurred directly or indirectly through interaction with the
market and power producers during the 20182037 evaluation period. Incremental costs do not
include existing fixed costs or common costs sticas general and administrative costs, as these are
considered sunk costs or costs common to all futur8cenarios. However, the capital costs

associated with new resources are included as are variable costs incurred (directly or indirectly) in

a resourceplan.

Due to relianceupon interaction with the power market, it is important that an economic analysis
projecting future power costs model interaction with the market and project the costs and revenues
associated with purchases from, or sales into, the meet. A plan that relies heavily on assumed
market purchases may incur risks associated with future power energy market prices increasing at
a rate higher than assumed in the analysis. Therefore, to reduce the risk of higher retail rates
associated withunexpected increases in future power energy market prices, plans with lower
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market purchases are preferable to plans with higher market purchases, all other factors being
equal. Details about the modeling approach used to derive the CPV&& included in Section 8.2.

8.2 SCENARIO ANALYSIS

In the IRP, the CPWCs of several compegj Scenarioswere determined. A Scenario included one or
more of sevenpotential solar and wind projects, first developed in Section havingthe
specificationssummarizedin Table8-1. The selecton of projects listed inTable8-1 was based on
the understanding from Section 6that additional renewable resourceswill be required.

A total of eight Scenarios were evaluated through detailed modelinghese consisted of théxisting
SystemScenario {dentified as Scenario ¢ plussevenScenarios that involved addingREresources
Thevarious Scenarios evaluated ardisplayed in Table 8-2, which also lists the specific projects
from comprising eachScenaria
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Table8-1 RPS Project Definitions

_ PROJECT 1 | PROJECT2 | PROJECT 3] PROJECT 4 PROJECT 5§ PROJECT o PROJECT 7

Name Local PV NorCal/OR AZ PV CVPV 1 CV P2 NorCal/ AZ Wind
w/Bat PV ORWind
Location Local OR/NorCal Arizona Central Central OR/ Arizona
Valley Valley NorCal

Type PV PV PV PV PV Wind Wind

Capacity (MW) 10 100 100 20 100 100 200

Scalable No Yes Yes No Yes Yes Yes

AC Capacity 27.9% 27.0% 33.1% 30.6% 29.8% 30.0% 30.0%

Factor (%)

Annual Energy 24,440 236,520 289,956 53,611 261,048 262,800 525,600

(MWh)

Annual 0.70% 0.70% 0.70% 0.70% 0.70% 0.00% 0.00%

Degradation (%)

Energy Storage? Yes Not Not Not Not Not Not

(Yes/No/Maybe) included included included included included included

ES Capacity (MW 2.50 Not Not Not Not Not Not
included included included included included included

ES Duration (Hrs) 4 Not Not Not Not Not Not
included included included included included included

Transmission None To COTP, To CAISO, NP26, To CAISO, To COTP, To CAISO,

Requirements WAPA WAPA WAPA WAPA WAPA WAPA

LMP Market NP15 NP15 Palo Verde ZP26 SP15 NP15 Palo Verde

Location (To

Value)

Transmission & $0.000 $2.258 $3.137 $0.000 $0.000 $2.258 $3.137

VERBS Costs
(2018-$/kwW/mo)

Transmission $0.000 $0.000 $11.221 $11.221 $11.221 $0.000 $11.221
Costs (2018

$/MWh)

Transmission 5.00% 4.00% 4.00% 4.00% 5.00% 4.00%

Escalation Rate

Source: Black & Veatch
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Table8-2

A) Base Case

B) Balanced
Mix

C) Balanced
Mix-Alternate

D) Heavy
Wind

E) Heavy
Wind
Alternate

F) Heavy
Solar

G) Existing
System

H) Optimized
Balanced Mix

IRP Scenariand Projects

SCENARIO PROJECT 1:] PROJECT 2:] PROJECT 3:] PROJECT 4:] PROJECT 5:§ PROJECT 6:] PROJECT 7:
NAME PV PV PV PV PV WIND WIND

MW: 10
Start: 2021

MWh/yr:
24,440

LCOE$58

MW: 10
Start: 2021

MWh/yr:
24,440

LCOE$58

MW: 10
Start: 2021
MWh/yr:

MW: 30
Start: 2028
MWh/yr:

MW: 20
Start: 2026
MWh/yr:

86,987
LCOE$57

MW: 30
Start: 2029
MWh/yr:

24,440
LCOE$58

MW: 10
Start: 2021

MWh/yr:
24,440

LCOE$58

MW: 10
Start: 2021

MWh/yr:
24,440

LCOE$58

MW: 10
Start: 2021
MWh/yr:

70,956
LCOE$73

MW: 90
Start: 2026
MWh/yr:

24,440
LCOE$58

212,868
LCOE$70

53,611
LCOES$71

MW: 70
Start: 2032
MWh/yr:
183,960
LCOE$76
MW: 25 MW: 70
Start: 2026 Start: 2032
MWh/yr: MWh/yr:
65,262 183,960
LCOE$68 LCOES$72
MW: 85
Start: 2026
MWh/yr:
223,380
LCOE$68
MW: 85
Start; 2026
MWh/yr:
223,380
LCOES$72
MW: 60 MW: 65
Start: 2026 Start: 2034
MWh/yr: MWh/yr:
156,629 170,820
LCOE$68 LCOES$77

Levelized Cost of Energy (LCOE) figures at stated at the plant bus bar and do not include transmission costs.

Source: Black & Veatch
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8.3 CONSOLIDATED RESULTS

The consolidated CPWC resullts for the Scenasi evaluated are showiin Table8-3. Tofacilitate
Comt? i focted —St "te—TZ e A 0Fidecot T §e. 5&rBS0IN griyecategory
is highlighted in dark green Scenarios considered favorable but not the best in a category are
shaded light green Scenarioghat are significantly less favorable than the best in a category are
shaded Ight yellow, followed by rose colored and red colored shades signifying increasingly
significant and unfavorable results compared to the best Scenario result in the category.

The Base Case Scenario in which 10 MW of local solar is added in 202isied first in Table 8-3.
This Scenario ismportant asit reflects the addition of the currently-planned Solar Projectthat is in
the second phase of development (see Section 7). There are two key conclusions related to the
Base Case Scenario.

First, by comparing the Base Case with tHexisting SystemScenario(Scenario G) CPWC, it is clear
that the Base Case has a lower CPWC. This helpdiustrate why adding the Solar Project(from
Table8-1) provides benefitfrom a cost perspectiveand also byadding REbenefits overScenario G
This comparison explains thereason for identifying the Solar Project ashe next resource addition
and why this is considered to be the Base Case rather than thHexisting SystemScenatrio.

A cond very important conclusion about the Base Case Scenario is that, even though it achieves a
higher REpercentage thanScenario Git nevertheless falls short of meeting the 2030 RE target of

50 percent In fact,it achieves only33 percent RElevel in 2030 and also for the 20182030 period.
Moreover, the Base Case Scenario is still very heavily reltaon wind energy (71 percent of all RE)
even with the addition ofthe Solar Projecin 2021. Due to these results, the Base Case is
understood to contadn the next project to be undertaken, but it is not considered to be the final mix

of resources over the planning horizon. The need for additional renewable resources on the system
beyondthe 2021 solar addition led to the development of the remaining Searios in Table8-3. All

of these with the exception ofScenario Ginvolved the 2021 Solar Roject, but also included

additional REresources after 2021.

Scenario H is the only plan identified iMTable 8-3 as having green or light green shading in all
categories. Based on the overarching objective to balance economicesliability , portfolio diversity,
and environmentaltargets, Scenario H is considered to be the best overall plan in the ZDIRP.
The Han is within 2.8 percent of the least cost plan; it achievess percent REmix in 2030; it
achieves all intermediat RE milestones i some years, the plan relieen banked RECs)and has a
reasonably balanced mix oREcontributions 53 percentfrom wind and 36 percent fromsolar.

In terms of lowest CPWC, Scenarioiay appear on its surfaceto be the best plan as itis both cost
effectiveand at 65 percent RE, it exceedee mandated 2030 RElevels. However,this plan falls
short in its lack of resource diversity the plan is very heavily reliant on wind energy 84 percent

of all RE) andcontains little solar energy (6 percent). As a result, this plan receives low marks for
its inability to achievea balanced RE portfolio. This assessment is reflective of the preference that
several Stakeholders expressed for solar energy and is consistent with the emphasis on abeéd
REportfolio.

Scenario C also achieves a very high percentageRifin 2030 (65 percent) but is not economic and
also suffers from a high reliance on wind energyScenario F is economically competitive and
achievesb9 percent REcontribution, but the scenario is overreliant on wind energy resources.

ScenarioE reachesthe best overall balance oREproduction, with 42 percent coming from wind
energy and47 percent coming from solar energy projects. This plan also achieves alt Rilestones
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and reaches1 percent in 2030. Nevertheless, the drawback of Scenario E is one of economics, as it
achieves the favorabldREcharacteristics at a cost that is 6.5 percent higher than the least cost
Scenario D.

In least cost planning studies, it is common to consider a CPWC difference between two plans to be
in the 1.5 percent to 2.5 percent range The uncertainties involved in the SB 350 IRPs arguably
increases this rangeand a CPWC difference of 2.0 percent to 3.0 percent caasonably be
considered within the margin of error. As a result, it can be concluded that tiREbenefits of
Scenario E are obtained at a significantly higher cost than the plan having the lowest CPWC
(Scenario D). The issue, therefore, is whether a ph could be developed that better balanced cost
and environmental benefits. The plan meeting these aimstise preferred plan, Scenario H.
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Table8-3 Heat Diagram of Scenario CPWC and RE Results

CPWC Summary 2030
Renew Intermediate
CPWC
CPWC % able, % of | Milestones
Description ($1,000)| Higher| Retail Saled for RE Met?

Base Cas Base Case (with local solar on| 583,833
Scenario A Balanced Mix of Wind/Sola

Scenariof Bal Mix of Wind/SolartAlt. Projects
Scenario ( wind Heav
Scenario [ Wind Heavy Alternate Projects
Scenario H Solar Heav

601,558
Scenario R Early Wind Balanced M
Scenario g Existing System without Local So

601,957
Scenario H Optimized Balanced Mi

53.9%
*Optimal results are shown in green, unfavorable results in red
** Intermediate Milestones are: 33% by 2020; 40% by 2024; 45% by 2027; 50% by 2030.
** Intermediate Milestones are considered met with the use of banked renewable e nerdigs

51.8%
51.3%

Avg. RE

20182030

Achieving RE Balance

RE from RE from| RE from

18%
11%
11%
10%
10%
11%
11%

Evaluation ad Results
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8.4 DETAILERESULTS OF THE PRRHD EXPANSION PLAN

8.4.1 Capacityand EnergyAdequacy ofScenarioH

Capacity balance for the preferred Scenario H expansion plan is shownhkigure 8-1. Thisfigure is
organized in the same manner as was done for tiexisting SystenScenario in Section 6.

As seen at theop of Figure 8-1 and Figure 8-2, existing sufficient resources andgeneration capacity
are expectedto meet energy needs throughout the planning horizonunder Scenario H. Thexcess
generation capacity ranges froni8 MW in 2018 to 43 MW in 2034 the planning period, once theRE
projects are stated in terms of their firm capacity

Table 84, Figure 8-1, andFigure 8-2 reflect the addition of three renewable projects, the 2021

Solar Project (rated at 10 MW of which 3.5 MW is firm), a second solar project in 2026 having a firm
output of 21 MW, and a 2034vind project having a firm output of 7 MW.The information in this

table issimplified but reflects the comprehensiveCRAT table inalded in Appendix A.

Table8-4 and Figure 8-2 shows how the energy requirements will be met under Scenario Kinder
the recommended plan, the 1x1 and 2x1 combined cycle projects are the only two generating units
producing a significant anount of energy at the Station while all REprojects are actively producing
energy consumed by customers or sold into the market. Due to this market interaction, net sales
are projectedinto the market starting in 2026 and for several of the subsequenteaars in planning
period. Itis seen in the table that the final tw&Eprojects coming online in 2026 and 2034 are
important contributors to the energy balance as soon as they go into commercial operation.

8-8



350

300

N N
[@] a
o o

Capacity (MW)
g

100

50

Figure8-1

CAPACITY
SCENARIO H

T

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

Year
Unit 1 Unit 2 Unit 3 s Unit 4 mmmm Unit 5
mmm Unit 6 mm \VVestern Whiskeytown  mmmm Big Horn mmm | ocal PV
CV PV NorCal Wind = REU Peak Load Planning Reserve

Capacity Balance in the Preferred Expansion Plan, Scenario H

Evaluation and Results

8-9



1000000

800000

600000

400000

Energy (MWh)

200000

-200000

Figure8-2

LOAD AND RESOURCES
SCENARIO H

——

2018 2019 2020 2021 2022 2023 2024 2025 6 7 8 9

10}

0 2031 2032 2033 2034 2035 2036 2037

Year
mmmm \Vestern Whiskeytown mmss Big Horn Unit 1 Unit 2
s Unit 3 mmmm Unit 5 mmmm Unit 6 ] x1  0x1
| ocal PV CV PV NorCal Wind === Net Market == REU Load

Loads and Resourc&alance in the Preferred Expansion Plan, Scenario H

Evaluation and Results

8-10
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8.4.2 Renewable Energy anGHG Emissionsf Scenario H

The addition of three REprojects in the recommended expansion plan, Scenario Hsults in the
ability to meet the RPS requirments. This is shown irFigure 8-3 that reports the REoutlook
during the 2018 through 2037 planning period.

As seen in the figure Scenario Hemains at or abovethe goalin all years with the allowances of
banking RECs Importantly, the figure shows that Scenario Hnaintains a positive REC balance over
the entire planning period, meaning that, on the whole, the plan exceeds the cumulatiR&credits
during the planning horizon and never goes into a cumulative REC deficitamy year during the
2018-2037 planning horizon.

Figure 8-4 shows a projection of the GHG emissions in the form of MT&Qluring the planning
horizon for the preferred expansion plan, Scenario H. Under this plan, there would 88,335
MTCQe in 2030. This level of emissions ibelow the high target of 101,000 in the CARBaff
recommendations for the CORalthough it is above the 57,000 MTCee set as the lover end of the
targeted range).

8.4.3 The Detailed CPWC Sheet for Scenario H

Table 83 presented the CPWC of all Scenarios. The CPWC shown for&@aei was $580,966000.
In Table 88, the derivation of the Scenario H CPWE€shown by year and by the components that
contribute to the CPWC of all plans.

At the top of Table 8-5, information about the addition of new renewable projects isisted. The

project list for Scenario H includes the 10 MW local PV project added in 2021, the 60 MW PV project
in 2026, and the 65 MW wind project added in 2034 (all MW ratings are maximum plant output
ratings, reductions are made to arrive at the firmatings used in the capacity balance). The first

year production and levelized cost of energy (LCOE) is also listed in this portion of the table.

Below the input section inTable 8-5 are the yearly cost and revenue components that comprise the
annual costs. The categories include supply costs related to sgéneration plus power purchase
costs (from PPAs and the spot market) and wholesale sales revenue earned fronesanto the

market. The Total System Cost listed as a column heading includes the net cost once supply costs
and wholesale sales are taken into account. Thus, in 2018, the Total System Cost is $35.5 million.
Overtime, the Total System Costs for eaclear trend upward, although there are years in which
significant market revenues results in a decrease fromthe previous year (see for example, the year
2031). Inthe final year of the planning horizon, the 2037 Total System Cost is projected to be $47.1
million.

To derive the CPWC of Scenario H, the Total System Cost for each year is discounted to 2018 at the
assumed 2.5 percent discount rate and summed. By the end of the planning horizon, the CPWC of
Scenario H is $580.966 million as seen in the bottonf the CPW@olumn in Table8-5 and as also
reported in Table 83.

8.4.4 Additional Discussion of Merits, Scenario H

Section 83 explained the development of the competin§cenariosconsideredand the rationale for
selecting Scenario H as the preferred option. Some additional discussion of 8eenario Hmerits is
provided in this section.

While the CEC Guidelines only require thieiture planning studies to extend to 2030¢consideration
of additional years beyond 2030 were encouragedA 20-year plan that has the benefit of
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measuring the relative merits ofvarious Scenarios beyond the next 12 years until 2030. While the
2037 difference in CPWC between Scenario H and the deaost option Scenario D from Table &,

is 2.8 percent, at the 2030 mark, the differenceis only 2.1 percent and well within the range of
uncertainty (while there is no definitive rule,in this analysis, CPWC results within no more than 2
to 3 percent ae considered to be insignificant differencedetween plang. Thus, the CPWC results
should be interpreted as showing that, while Scenario D is lower in absolute CPWC, the difference
with Scenario H is on the margin of insignificance anghile the CPWC ign important factor in plan
selection, additionalnon-economic factors play aital role in the selection of the preferred

Scenaria

Scenario H is quite flexible in that, following the first resource addition in 2021 (commonto all
plans), projects are |lgered in over a 20year period, with the next project expected to be
operational in 2026, which brings the following benefits:

The period between resource additions allows the continued assessment of industry events
and system developments in order to adjst the specifics of Scenario H if conditions
warrant;

It provides the ability to increase or decrease the size of the selected RE projects as
necessary;

With the pliability this plan offers, staff can better match resources to comply with any
future applicable in-state versus outof-state requirements, such as those of the California
Independent System Operator (CAISQand

The plan provides the ability to delay or accelerate the iservice date of the project based
on a number of factors such as futuréegislation and market conditions

Scenario D however,offers less flexibility in that, beyond the 2021 solar addition that is also added
in Scenario H, the plan consists of onlyne85 MW wind addition in 2026. While economical to add
this large wind project, the plan results in an unbalanced mix of solar and wind generation as
indicated by the 84 percent wind and 6 percent solar mix of REfor Scenario Dasindicated in Table
8-3. Itis important to achieve a balance in PV and wind resources over the planning horizon, since
a balanced portfolio may reduce risks associated with overeliance on a single technology. Also, a
balanced wind and solar PV energy generation combination issdmed to be a better fit tahe

hourly system energy demand profile than a plan heavily weighted toward either wind or solar.

As noted earlier,due to relianceupon interaction with the power market, this analysis considers
future interactions and estimates the costs and revenues associated with purchases from, or sales
into, the market. A plan that relies heavily on assumed market purchases salesmay incur risks
associated with future power energy market prices increasing at a rate higher thaassumed in the
analysisif more heavily reliant on market purchases, or risks associated with future power energy
market prices being lower than assumed in the analysis if more heavily reliant on market sales
Therefore, to reduce the risk of higher retdirates associated with unexpected increasesr
decreasesn future power energy market prices, plans with lowerxposure to market volatility are
preferable to plans with higher market purchasesr sales assuming others factors are equal

Scenario H is o better than Scenario D with regards téhe heavy reliance on wind andhe end
effects of meeting futureREtargets. Scenario D fails to meet the RPS requirements just beyond the
planning horizon, ultimately requiring the procurement of an additional renewable project prior to
the end of the planning window.For example, Scenario Pelies on banked RECs during the last
three years of the planning period and additional renewable resources would be required to
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maintain RPS compliance after 2039. In coratst, Scenario H is above 5percent in each of the final
four years (2034-2037) and meetsongoing RPS requirements in 2038 and beyond.

In summary, Scenario H is expected to have a slightly higher cost than Scenarib@yever, it
carries lessexposureto extreme market conditions brings lessregulatory risk, provides better
hourly production, and exhibits more resourcediversity , thus meeting portfolio objectives

Figure8-3 Renewable Energy and RB@equacy in the Preferred Expansion Plan, Scenario H
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Table8-5 Detailed CPWC Results for the Preferred Expansion Plan, Scenario H
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8.5 SENSITIVITY CASES

As discussedoreviously in Section 8, the PowerSimm Resources Planning Suite, developed by
Ascend Analytics, was used to evaluate alternative resource additions to the portfolio that satisfy
RPS requirements.PowerSimm employs a probabilistic approach invhich the modeling results for
a single Scenario include a range of possible outcomes basedagjitations of input variables subject
to uncertainty and for which correlated probability distributions are generated for the input. This
method results in more than single deterministic output variables, buprobability distributions on

all the key output variables. This means that multiple, single variable sensitivity runs are not
needed to understand the impact of uncertainty in one or more key input variables:or example,
regarding fuel prices, the CPWC results reported irigure 7-2 are based on randonmexpecteddraws
of fuel prices, correlated with randomexpecteddraws of other input variable, resulting in a 95
percent to 5 percent probability distribution range on theoutput variables. This means that fuel
prices selected in the randonexpecteddraws are within a band expected to include the maximum
fuel price 95 percent of the time and the low fuel price is not expected to go below the low fuel price
more than 5 percent of the time. The results reported in this section are based on the mean results
of all runs resulting from multiple draws on the stochastic input variables and simulated by the
model.

8.6 RETAIL RATEEND THE PREFERREBANSION PLAN

Forecastsproject power portfolio costs to increase by approximately $20million (nominal) from
2018-2037, or 2.25percentannually (less tha 1 percentwhen adjusted for inflation). Of this $20
million, approximately $15 million is due to the following power purchases relad to
environmental compliance:

60 MW share of Central Valley Solar beginning in 20268espite theutility owning lower
cost thermal generation additional resources are required to meet state mandates

65 MW share of Northern California/Oregon Wind beginmg in 2034 despite the utility
owning lower cost thermal generation, additional resources are required to meet state
mandates.

Due to forecasted retail sales in 2038 being within Bercent of 2018 retail sales (energy efficiency
measures reducing base laagrowth), a $20 million increase inannual power portfolio costs

"t tete—e fe <o "Efed T7e 't fsie " f—1tperdenf, 'orless than fpercenty
annually (this is less than CPI)Due to the expected limited impact on rates from power supply
costs over the forecast period, a separate report or study was not conducted. Any future update to

o MCZZ Lte—de—i = [UUUUCf—$7> $TfZ—f—% "f—% <o fWhike "$Zf—%t

CTMET 75 <o f e<%oe< ... fo— ’*budget (SeeF§dres8-6) «iZis-nofithe only driver
for rate changes. Other factors not included in this studsuch asdebt service, personnel costs,
maintaining the distribution system, and increasing reserves tonanage financial risk associated
with intermittent resources, will have significant impacts on the revenue requirement.In addition,
while the 2018 Carr Fire had asubstantial impact on the community, theCORhad adequate
reserves to fund infrastructure restoration efforts (zero rate impact). Figure 8-7 shows the
projected portfolio cost of Scenario H and the level of retail sales through 2037.
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8.7 THE PREFERRED PINAGIONSIDERATIONERMFTUREONDITIONS AND
RISIS

Anumber of factorscouldemergein the energy industry,or in the economy, that could impose
new conditionsor risks not contemplatedin this SB 350based analysis. Someof thesefactors
include new legislation and regulationsthat impact utility operation and could includethe
following:

SB100 (The 100 Percent CleanEnergy Actof 2017) SB100 further modifies RPS
requirements from 50 percent by 2030 (set by SB 35000 60 percent,and createsthe
policy of planning to meetall of the « — f —rdté# electricity supply with amix of RPS
eligible and zero-carbon resourcedy December31, 2045, thereby achievinga 100
percent clean energy supply.

On September 10, 2018, SB 100 was signed into law. COR anticipated that SB 100 would
likely be signed by the Governor and as such, has begun some preliminary analysis on the
potential impacts this law may have on RPS requirements into the planning horizon. The
additional analyses, including detailed system modeling, is required to adequady evaluate
all the potential impacts of the newly increased RPS obligations.

SB100 accelerates theRP Sobligations for retail sellers,including POUssfollows:

40 percent to 44 percent by2024;
45 percent to 52 percent by2027; and
50 percent to 60 percent by2030.

The Bill also statesthat achievingthis policy shall notincreasecarbon emissions
elsewhere in the westerngrid and shall not involve resourceshuffling. SB 100also
requires the CPUGCCECthe CARBand other state agencieso incorporate this policy into
their regulations and decisions.

‘v —Sf Zfe— 17" fZ >tf7ea ie £ f...S = "EY— <" fefe—o
those requirements) has been to evaluate resources into the future to ensure compliance
obligations are fully met. SB 100 carries with it a new level of RPS requirememtiover 50
percent by 2030 which presents a more complex balancing of the power supply mix than
what COR has considered in the past. SB 100 becomes effective in January 2019 and with
that, regular updates to the modeling that supports the power supply sategy will
continue and will fully integrate the requirements of SB 100 within that process in 2019
and beyond.

AB 813 (Electric Regionalization ) Thebill would openthe door for the CAISO to
expand its membership to include other balancing authoriies acrossthe 14 western
states.This regionalization bill would require approvalfrom the state beforeany
California transmission owner,retail seller,or local publicly -owned utility joins a
multistate regional transmission systemorganization. Bill proponents believe
regionalization would reduce rates and costs,ensure consistent reporting and trackingof
REtargets and achievements,and reducetransmission rates. Opponentsbelievethat the
bill would harm the independenceof state policy including the progressmadein California
toward its RE standards, which are generallymore aggressivethan in other states.
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SB1110 (Safeguarding Public Utility Ratepayers from Bond Debt authored by
Senator Bradford) Thishill protectsCORfrom construction debt of power plants built
in the early trrridnresponseto the energy crisis. In the early trrrie whenmany
California cities were struggling with how to servetheir communities with electricity and
experiencing brownouts Council with decisiveaction, approvedthe speedy
construction and operation of thestate-of-the-art low emission, gasfired generation that
COR now owns.This action brought safetyin delivering electricity, increasedreliability,
andan enhancementto the localecoromy with approximately 25 full -time positions
earning favorable wages.

With construction of thesesafe,efficient,and reliable power generating facilities,debt was
incurred. Currently, bond indebtednessis approximately $106 million dollars; which s
scheduledto bepaid in full by 2030.

SB1110 was signed into law on September 20, 2018, providing protection sésource
investmentsasour statetraverses thepath of 100 percentRE mandatesby the trvriead
would allow the continued operation of thesereliable and efficient facilities at alevel that
would allow us to finish paying for our assetswithout causingfinancial harm to our
community.

Each of these laws or regulations could impact the decision process, as could economic growth that
is significantly higher or lower than anticipated in this IRP In anticipation of possible changes in
future conditions andrisks, the IRP has been developd such that it affords flexibility, balance, and
margin. The recommended plan does not requiran immediate commitment to projects needed

well into the planning horizon. In fact, following the 2021planned addition of the 10 MW Solar
Project,incremental RPSesources are notprojected to beadded until sometime after2023. The
renewable projects under consideration can be developed in a relatively short timas a result COR
can confirm thatfuture developmentsidentified in this IRP remain beneficialprior to making a firm
commitment to these projects.

The recommended Scenario H is balanced in that it mixes solar and wiR&resources better than
other Scenarios considered. This is important because, while the economic analysis did incorporate
a probability analysis of possible production profiles for these two technologies, there are also nen
quantifiable risks that suggest a balanceREportfolio may help to mitigate future uncertainties.

This could include, for example, the possibilityf opposition to a renewable technology in the

future, that new incentives, taxes, or operational charges (such as integration costs) could
materialize and favor one technology over the other. By planning for a balanced portfolio, Scenario
H is a way to protect agaist unforeseen developments that could favor wind over solar, arice

versa.

Finally, the recommended Scenario H provides mangiin the sense that, as seen Ifigure 8-3, the
plan will produce more than the minimumRErequired to meet the existing RPS targets. This
margin provides a risk reduction benefit should SBLOO, or another law or regulation, require a
more aggressive pursuit oRE
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8.8 THE PREFERRED PLANMZONSIDERATIONL@ECALIZED AIR
POLLUTANTS AND DIS/ADITAGED COMMUNITIES

CORs not aware of any officially designated disadvantaged communities in its service territory.
Nevertheless, there arenany areas served thatare considered low income. To help serve the needs
of low-income groups,the following strategies are utilized to maximize education and participation
of low-income customers in theLow-Income Energy Efficiency ProgranfLIEEP) program.

Program policies are specifically designed to facilitate coordination with the PG&E Energy Savings

"(‘—f'...i "‘%o"fo foT TM(_é _S:t fZ(A‘"o(f :l:’f"_o:to_ T lee—e0(¢—> :I:”~(
(CSD)Weatherization Program. For example, CSD measure feasity guidelines and installation
standards have been adoptedand adopted PG&E ESA and CSD program participation as a
categorical qualifier for the LIEEP Program. This seamless integration minimizes duplicative
efforts, maximizes returnon program marketing efforts,and delivers maximum benefits to our
income-qualified customers.

The local nonprofit weatherization provider who implements the PG&E ESA Program and CSD
programs in Shasta Countyalso handlesimplementation of LIEEP.

COR prtners with multiple mission driven, non-profit organizations to market the suite of
resources available to income qualified customers including weatherization, a rate discount
program, and an emergency bill assistance program

Continuation of these programsor similar programs and efforts is anticipatedto continue as a
means toeducate and assist lonincome customers in thefuture. The preferred Scenario H is
deemed to be in the interest of lowincome customers and all other customers in that it achieves a
balance between affordability(having a CPWC less than 3 percent higher than the lowest cost
Scenario)and environmental benefits (meeting 2030 RPS requirements and within the GHG limits
recommended by CARB staff)
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Figure8-8 Cal Enviro Disadvantaged Communities Map
This figure was created by CalEnviro. For more detaildytjsit//oehha.ca.qgov/calenviroscreer

15 Red represents the most disadvantaged communities while green represents the ndisadvantaged
communities.
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9.0 Conclusions and Recommendé&ckpansion Plan

This Report discussed the development of thtRPand presented the results. The IRP was

developed to benefit and create value for customers and to deliver exceptional services through the
strength and dedication of its employees. This overriding objective is achieved by providing

reliable and safeservice at low (costconscious) rates, while complying with environmental

mandates and objectives.

The development ofthe IRP took over one year and was the result of collaborative efforts I§OR
staff, Black & Veatchtron, Ascend Analyticsand Stakehobers. Customershad important input

and played a vital role inthe planning process. As a result, the recommend&tenariois

considered to be a plan that balances many different views and perspectives, and is also a robust
plan that will provide low costs, flexibility, environmental compliance, and manageable risks over
the 2018-2037 planning period. This Report is designedo be a guiding document, not a
procurement plan.

The recommendedScenariois identified in this report as Scenario H. This plan features the
addition of the 10 MW (maximum rating, not firm) localSolar Projectin 2021, followed by an
additional 60 MW ofsolar capacity in 2026, and a 6MW wind facility in 2034. This plan is low
cost within 2.8 percent of the lowest overall plan on a cumulative basis but within 2.1 percent
through 2030; it allows the flexibility to adjust the size and timings of the 202&nd 2034 resource
additions as conditions warrant it is compliant with the targets forRE(50 percent in 2030 and all
intermediate targets), 2030 GHG emissions proposed in the summer of 2018 by CARERI the plan
assumes continued investment in energy &tiency and demand reduction programs.

All of these objectives are met while also providing a reliable power plan that meets the planning
reserve requirements. The details of Scenario H are presented in the discussion and accompanying
tables and figures inSection 8 The four tables requiredn the CEQSuidelinesare provided in

Appendix A. These tables support the conclusion that Scenario H is a viable plan that meets the
POUobjectives and requirements for a IRP.

This IRPwill be updated as conditions warrant, most likely everytwo to three years but, in any

case, no longer than the five year limit established in th€EGSuidelines Given the relatively short
lead time for REresources and the dynamics of the power sector, future IRP updates will be able to
adjust to changing conditionsas needed and will help ensure thathe resource plan continuesto
serve the needs of its valued customers.
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Appendix A. CEC Standardized Tables the Adopted
Resource Scenario

The CEC Guidelingsquire four standardized tablesto be part of the RP Filing. The standardized
tables presented in this Appendix for the recommended Scenario H aas follows:

Administrative Information: Summary of contact information for persons who prepared
standardized tables

Capacity Resource Accounting Table (CRABnnual peak capacity demand in each year 5
fet =St .fe—"¢,——<'e 7 Ff..S Fed" %> "Fe'—"...F .. f’ fthatc—> <o —St
demand.

Energy Balance Table (EBT): Annual total energy demand and annual estimateseioergy
supply from various resources.

RPS Procurement Table (RPT): A detailed summary of a POU resource plan to meeR{P8
requirements.

GHG Emissions Accounting Table (GEAT): Annual GHG emissions associated with each
":to‘_” :t e _Si Te ""_A‘Z<_fl.6_‘ "‘:to'oo_"f_i
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Appendix B. Stakeholder Feedbackorm Results
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Appendix C. Intermittency Analysis

Black & Veatch completed a stochastic analysis GOR toad and generation to estimate the 95
percent confidence interval of the deviation of actual hourly load less generation (Net Load)
compared to scheduled hourly Net Load. In the analysiBlack & Veatch also included a case where
a 10 MW fixed tiltSolarProject(Solar Project) wasincluded inCORie - ‘fta

St e— .. Sfe—c<... fofZrece ™Mfeo ‘o' 7F_tt ——<Zcorcoe%o fZc<ofTt 7 Uf—cte
Microsoft Excel addin which completes stochastic analyses similar to Crystal Ball. The 95 percent
confidence intervals with and without the SolarProjectwere compared to assess if the addition of
the SolarProjectsignificantly increased the confidence interval. The key data and assumptions used
in the analysis are summarized below.

Five minute load and generation data for 2014 through 2017 was utilized fohe analysis

The analysis was completed on a monthly basis to consider semality of load and
generation

Five minute load data was assumed to follow a normal distribution utilizing the historical
mean and standarddeviation for 2014 through 2017

Five minute generation data was assumed to follow a log normal distribution utilizing the
historical mean and standarddeviation for 2014 through 2017

The generation from theSolar Projectirom 2014 through 2017 was estimated using US
Climate Reference Network (CRNJata for a site located 20 miles NW of Redding Airport
applied in a NREL Solar Advisor Model (SAM) simulation of a MW fixed tilt Solar Project

Scheduled load and generation for each five minute period was assumed to be the higtar
mean for 2014 through 2017

Actual load and generation in each five minute period was estimated stochasticailging
the distributions defined

Deviation from schedule on a five minute basis was calculated as the difference between the
actual Net Load and scheduled Net Loadrtual Net Load greater than scheduled yielded a
positive value, actual load less than seuuled yielded a negative value

The hourly deviation from schedule was calculated as the axage of the five minute values

The stochastic analysis estimated 95 percemronfidence intervals for hourly load deviation
and hourly load less generation for each month

Further information on the development of the generation data for the SoldProjectis included in
Attachment A.

Figure G1 and Figure G2 below illustrate typical5 minute input distributions for the CORoad and
generation; the January 7 a.m. three minute load and generation input distributions without the
additional of the generation from the SolaProjecthave been included.
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FigureG1

FigureG2

Appendix C

January 7a.m. Stochastic Load Distribution

January 7a.m. Stochastic Generation Distribution

G2



Figure G3 and Figure & illustrate representative 95 percent confidence intervals for the actual
versus scheduled Net Load; the 95 percent confidence interval for January 7 a.m. Net Load has been
included.

Figure €3 January 7a.m. Load less Generation Deviation from Schedule

In comparing the stochastic Net Load deviation from schedule with and without the addition of the
Solar Project, in general Black & Veatch found that there was very limited difference between the
95% confidence intervals for each cas&igure G4 comparesthe 95% confidence intervals for Net
Load with and with and without inclusion of the SolarProjectin July; this month was selected as it
is a period of high solar generation where it would be expected that the addition of solar would
have more influence o the Net Load deviation from schedule.
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Figure &4 July Net Load Deviation with and withowgolar ProjecGeneration

It can be seen that across the day there is very limited difference between the 95% confidence
intervals for Net Load with and with andwithout inclusion of the Solar Project. Very similar results
were seen in the other months of the year; charts for each month are included in Attachment B.

Black & Veatch suggests that a next step could be to schedule a call to discuss the results abale a
any further analysis whichCORwould like to complete. Some further analysis which could be
completed could include:

Estimating the impact of increasing solar capacity (e.g. in 10 MW increments) to the results
above.
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Attachment A:Solar ProjectGeneration Data
INTRODUCTION

Black & Veatch developed a representative historical solar energy production profile fora 10 MW
PV plant located in Redding, CA. The historical production was simulated at a sudwrly level with
5-min time steps for the perod of 2014-2017.

SOLAR RESOURCE ASHEST

The historical ground solar resource data accessed in this study is from the US Climate Reference
Network (CRN) site located near Redding, CA. The CRN station location is located 20 miles NW of
Redding Airport (representative project location) at an elevation of approximately 1440 feet. The
US CRN sites measure high quality observations of several meteorological parameters including
solar radiation, ambient temperature, wind speed, precipitation etc., at-Eninute intervals. The
measured data has been processed for any errors and the quality controlled data was used for the
purposes of this study.

USCRN DATA OBSERYANTAND CORRECTIONS

Due to the high elevation of the Redding USCRN location, measured data obtawed reviewed to
ensure its compatibility for robust solar energy simulation use. To assess the suitability of solar
irradiance data from the CRN location, Black & Veatch compared long term satellite based GHI
irradiance for Redding Airport site against theGHI obtained from US CRN site. Lottigrm trends
appeared to be very similar at both these locations. Based on our review of the Redding CRN data
the following trends were observed,

A slightly lower GHI was observed at the CRN site due to more frequenbetl formation
associated with closer proximity to the Klamath Mountain range.

There appeared to be sensor shading due to the Klamath Mountains to the west of the
station location and can be noticed on a clear day during late summer afternoons.
Therefore,any drop in the simulated production during late afternoon can be attributed to
this shading effectin the input irradiance profile and should be taken into consideration
when comparing late afternoon PV energy production with coincidental system load data

This dataset fromthe CRN site was selected as a representative solar resource dataset due to
overall high quality, high temporal resolution and proximity of the location of interest. Additionally,
to represent the temperature profile accurately at the &port location an altitude temperature

CrE—cte T asawl Sfe Ffe fUZET = —8F Fffc%  f< —de o

altltude difference between the Redding CRN and airport site (approximately 1000 ft. altitude
difference). No correctins have been applied to the CRN irradiance @vind speeddata.

SOLAR PV PRODUCTNMIDDR.ING

Black & Veatch used NREL System Advisor Model to simulate the energy production of &y

Solar Project The system design information assumed during this simulamn process is shown in

the table below. All the system DC and AC loss assumptions were selected such that it represents a
10 MW ground mount utility-scale project.
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System Type and Location

FixedTilt tReddingCA

System DC Capacity (kWac)

10,000

DC/AC Ratio

13

Mounting Type FixedtTilt 30 facing south

GroundCoverage Ratio 33%

Module Type CrystallinetSilicon (335W)
Inverter Type Central Inverters 2000 kW

Based on the analysis, Bl&c& Veatch infers the following:

The output energy production appears to capture the solar resource variability at the sub

hourly level.

The output energy production profile does not capture the spatial variability across the

entire PV array, and therefore assumes generation to be a posource. This variability
however tends to smoothen out as the PV array size increases.

Due to high temporal resolution of the input temperature profile, high frequency production
variation is noticed around solar noon during certain clear sky days. Thigariation however
has very less magnitude and in fact cannot be noticed during the days when project is
clipping. This high frequency spikes in production can also be seen in actual production
data at subhourly level, but this effectis dampened to uneuespatial temperature
distribution across the array and data averaging at the meter.
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Attachment B:Stochastic Model Results

The stochastic model results comparing the 95% confidence intervals for Net Load with and with
and without inclusion of the Sola Projectfor each month are summarized in the figures below.
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Figure G5 January NetLoad Deviation with and witho®olar ProjecGeneration
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Appendix D. Ascend Analytics Methodology

FORWARD PRICING

PowerSimm simultaneously simulates multiple strips of forward curves into the future where
parameters for the stochastigrocesses and the covariate factors are estimated from historic data.
PowerSimm builds a system of simultaneous equations that captures the stochastic component of
each individual forward contract and the covariate relationship between neighboring contrec
months, other commodities, and other factors (such as interest rates and exchange rates). The
state-space modeling framework satisfies the criteria for developing a Cash Flow at Risk solution by
producing simulations of prices that are realistic, benchm& well to historic data, and produce a
payoff of cash flows consistent with market option quotes at multiple strike prices. The consistency
of simulated prices with market expectations remains the principal benchmark criteria for forward
market simulations.

Forward contracts may have institutionally determined and specified drift terms. The drift term is a
percent change from the current forward price to the final evolved forward price. For example, a
forward contract with a current price of $50 and a drit of 10% would have a final evolved price of
$55.

As a base simulation assumption, PowerSimm creates convergence between the initial forward
price and the final forward price. This is the equivalent of a zero drift term. Even with a very limited
number ofassumptions the convergence criteria of &=Fr will be satisfied.

The process flow for forward price simulation is shown in Figure EL.

Figure D1 Forward Price Simulation Process
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Input Data

PowerSimm requires a history of forward price quotes for eachelivery month to simulate market
prices into the future. A minimum of 30 transaction dates for each delivery date is required for
forward curve simulation.

PowerSimm has the ability to weight the historic data used in the parameter estimation process to
give more weight to more recent events or reduce the impact of outlier events. The default historic
weighting formula for forward market data used for parameter estimation follows a linearly
declining function. It provides a weight of 1095 for the most recat observation, 1094 for the
second most recent, and so on, until it reaches a value of 365 (which corresponds to three years).
Z7Z Sce—'"c¢.. “—‘'—tfe 'Z1F" —Sfe —S"FF stfre Zt "t . F<E f TfZ—1 ' uxw
receives three times the weightm the parameter estimation process as a value that is three years
old.

Output Data

Output from the forward price simulation consists of fully evolved forward prices for each forward
curve, simulation repetition, and delivery date in the study. The mearofward price for each
delivery date is scaled to match the most recent available market forward curve data as of the run
time of the study.

SPOT ELECTRIC PRICES

Methodology

The application of the fundamental drivers of electricity has influence on thdaily and hourly
formation of prices.

Regional electricity prices are primarily a function of daily gas prices and daily reserve margins as

shown in Figure D9. Each variable explains about 50% of the variability in prices and jointly they

explain about 90% of the variability. The split regression of Figure ED contains a relatively modest

amount of noise in the electricity price of +/ $5/MWh when reserves are greater than 15%. When

Tf<Z> "Fef” " fe f7f Ztee —Sfe x 'f”...Fe—4a —S1 cadigheZregimetand <ot 0™ <— ...
captures uncertainty in prices of +f $40/MWh. High electricity prices can also be caused by spikes

in daily gas prices. The spikes in daily gas price carry a direct linear relationship to electricity

prices. The joint relationship béween high gas prices and low reserve margins follows from

regional analysis.
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Figure B2 Joint relationship of daily reserve margins and gas prices to electric prices

Simulation of spot electricity prices includes three key components:

1. Simulation of the uncertainty in the parameter estimates and the covariate relationship of
uncertainty in the parameter estimate;

2. Simulation of the exogenous variable through a series of simultaneous vector auto
regressive equations;

3. Simulation of residual error.

Variables describing the supply stack, such as the percentage of gas fired generation were
determined to be statistically insignificant and were removed from the model.

The simulated values for price are conditional upon the patldependent weathe and load
simulations. The mean or median of the realized daily epeak and offpeak spot prices are
bucketed into monthly time steps and scaled so that the mean is equal to the monthly forward
price.

Spot electric prices are typically simulated once a vek, as new utility and system load values
become available. The job management system oversees the appropriate execution of the
simulations by way of the Process Flow Editor in the PowerSimm Ul.
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Process Flow

The process flow for simulation of electric maket prices is shown in Figure B3. The triangles on
the left of the figure represent the historic data from which relationships between fundamental

variables and electricity prices are determined. The linked simulations of each predictive variable
are shown in the rectangular boxes to the right of the triangular inputs. Explanatory variables are

linked to electricity prices through a structural state space model.

Figure B3 PriceSimm Process Overview Diagram

Input
The input data consists of thdollowing:
(._:n(“. Sn_uz) an.'. Tf_f

co—tTc.. S —"7> "7 T f<Z> St oot f—cte

f(z) %Of' ”,(...i.

Hf...(..(‘. (.,‘”—. f.T :té"”—. ‘,—(‘.fz
f<2>”;t-¢”~¢ o f"%ocee "_<‘.f2
— 7> e—f .o L SfUf..—f"co—c.0 —<iefZ
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Weighting of Input Data

The default function for the weighting of historic spot market data used for parameter estimation is

flat weighting (all historical data is weighted equally). Alternatively, the historical spot prices can

be weighted according to a linearly declining functin. This weighting system provides an initial

weight for the most recent input spot prices of 730 and 729 for the twalay-old prices. The weights

decline daily under the same pattern for two years until they reach a value of 365. All historic

quotesolder —Sfe —™"‘ st f e "F 3"t f "fZ—1F 7 uXxwad S—ed >Ffe—f "t frie “—"
weight in the parameter estimation process as a value that is two years old. Users can adjust the

default weighting formula through the Ul

Output

The hourly spot price simubtion produces daily orpeak and offpeak electric prices and hourly
spot electric prices. The prices that are output are scaled to the final evolved forward prices from
the corresponding forward price simulation module. More specifically, the average mahniy spot
price by peak period will be equal to the market forward price as of the scheduled run time of the
study in which the forward price simulation was run.

SPOT GAS PRICES

Design Definition

Developing accurate spot gas price simulations is criticébr determining the cost of service, risks,
and hedging strategies. A simulation approach is advantageous where a specified number of likely
events (realizations) can be used in conjunction with exogenous system shocks such as extreme
weather events. The ombination of market electric prices and spot gas prices is critical to
accurately capturing the cost of generation and driving dispatch of generation assets. For each
portfolio in PowerSimm, there will be only one central gas delivery point. The other pois will be
treated as basis points from the delivery point. In most cases, this construct will lead to Henry Hub
as the central gas delivery point.

Operational Business Process and Schedule

The generation of new spot prices is run approximately once everyonth or quarter as new utility
and system hydro data becomes available. The Job Management system oversees the appropriate
execution of the simulations and provides users with summary statistics based on the last updated
input data.

Process Flow
The process flow for gas price simulation is shown below in Figure-B.

D-5



Figure 4 Spot Gas Price Process Flow

Input Data

Estimation of the parameters to simulated spot gas prices utilizes input of historical gas spot prices,
weather, and daily onrpeak andoff-peak electric prices. The simulated weather is input into the
model on a simulation basis.

Output Data

The output data is identical to the daily historic input dataset except that it includes the requested
number of spot price simulations for the reqeested simulation length. This dataset also includes the
simulation date and time update along with a link table to describe the paramatg used to run the
simulation.

Weighting of Data

The historic spot market data used for parameter estimation follows lnearly declining function.

The weighting system for market data provides an initial weight for the most recent input spot

prices of 730 and 729 for the twaeday-old prices. The weights decline daily under the same pattern

for three years until they reacha value of 365. All historic quotes older than two years receive a

“fZ—1% " uxwd S—ed sFe—F"ffoie “——f "t FTFe —™MeF —8F ™Mi%S— <
as a value that is two years old. Users can adjust the default weighting formula to theivn

weighting function through the UI.
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Reporting Requirement

SimEngine produces daily spot gas price simulations over the forecast horizon. The summary
statistics can be viewed in the standard output reports, which focus on the mean, 5th, and 95th
percentile simulation results.

LMP & BASIS PRICHIBLATION

Design Definition

LMP hourly prices and spot gas basis prices share the same simulation structure. Prices are
measured in terms of the difference from a central hub. By treating LMP prices as basis pacwe
focus on capturing the uncertainty in basis prices between the delivery point and the hub price
while maintaining the same correlation between nodal points and the central hub. Simulation of
basis addresses market conditions where historic data exsto support estimation of time series
relationships. For markets with historic data, it is important to preserve the time series
relationships between structural variables such as system load and spot prices.

Operational Business Process and Schedule

Approximately once every month or quarter, generation of new basis prices is run as new utility
and system hydro data becomes available. The job management system oversees the appropriate
execution of the simulations to provide users with summary statisticbased on the last updated
input data.

Process Flow
The process flow for spot basis price simulation is shown below in Figure-B

Figure B5 Spot Basis Price Process Flow
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Input Data

Simulation of spot gas prices requires input of historical gas spgtices and daily orpeak and off
peak electric prices.

Output Data

The output data is identical to the daily historic input dataset except that it includes the requested
number of basis simulations for the requested simulation length. This dataset alsacindes the
simulation date and time update along with a link table to describe the parameters used to run the
simulation.

Methodology
Gas Basis and Daily Electric Prices

Daily gas prices are linked to daily electric oipeak and offpeak prices through theresidual error
structure.

Hourly Electric Basis

The simulation of hourly electric basis prices follows the following time series model structure
where each hour has its own equation.

Hourl = Lag1(Hour24) + OffPeakPrice + OnPeakPrice + DayOfWeek + MAgtror
Hour2 = Hourl + OffPeakPrice + OnPeakPrice + DayOfWeek + MA1 + error
Hour3 = Hour2 + OffPeakPrice + OnPeakPrice + DayOfWeek + MA1 + error
Hour4 = Hour3 + OffPeakPrice + OnPeakPrice + DayOfWeek + MA1 + error
Hour5 = Hour4 + OffPeakPrice + OnPeBkice + DayOfWeek + MAL + error

Hour24 = Hour23 + OffPeakPrice + OnPeakPrice + DayOfWeek + MA1 + errorand similarly for
OffPeakPrice.
Hourl + Hour2 + Hour3 + Hour4 + Hour5 + Hour6 + Hour23 + Hour24 = OffPeakPrice

The series of equations for hourly spot pces are estimated with different parameters for each
month to capture seasonal effects.

Weighting of Data

The default weighting of historic spot market data used for parameter estimation follows a linearly
declining function. The default weighting systen for market data provides an initial weight for the
most recent input spot prices of 730 and 729 for the twalay-old prices. The weights decline daily
under the same pattern for three years until they reach a value of 365. All historic quotes older than
t™ st fre "F . t<TE f TfZ—F " uxwd S—ed >te—fUtforie “——F "t . ftTFe -
parameter estimation process as a value that is two years old. Users can adjust the default
weighting formula to their own weighting function through the Ul.

Reportin g Requirement

SimEngine produces basis price simulations over the forecast horizon. The summary statistics can
be viewed in the standard output reports, which focus on the mean, 5th, and 95th percentile
simulation results.
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POWERSIMM PLANNERIMULATION TOAPTURE MEANINGFUL
UNCERTAINTY

PowerSimm is a dispatch optimization and production cost tool. The tool is comprised of two major
elements, the Sim Engine and Dispatch Optimization, that work together to systematically bridge
the physical and financial dimensions of electricity provisionPowerSimm uses a simulatiofased
approach to perform decision analysis for portfolio risk management and considers the volatility in
important variables such as load, fuel price, power price, weather, renewable generation, load and
system constraints, ad outages.

Figure D6 PowerSimm's Sim Engine captures "Meaningful Uncertainty” in weather, load, renewables,
and prices

The simulation of uncertainty with respect to weather is becoming ever more critical because

™ f_SE” tetc—ciee L fe f —S'—%S— ‘" fo f ef™ “«—fZ "f'fet—%" <o fZ
renewables system. To capture the changing market dynamics with renewials, PowerSimm

simulates weather conditions to capture the effect on renewable output and its effect on energy

price formation. This is part of the process of characterizing meaningful uncertainty by considering

realistic paths of weather that, in turn, dives renewable production, market prices, and net utility

loads.

PowerSimm is a stochastic construct model and each expansion plan simulation actually includes

100 or more simulations that allow all possible future states specified through (appropriately

correlated) model inputs and forecasts to be considered probabilistically. Figure-ID demonstrates

-8t "fZ—1 7 CTME ceefe ot Sfe—c... fU7f...S84 ST ‘"fe%et Zcot "F'"iet
deterministic (non-probabilistic) run that would have been @lculated based on single values for

model inputs such as load and market price. Conversely, using the probabilistic approach,

PowerSimm models multiple possible outcomes stochastically, as represented by the blue bar plots

in Figure D7, and characterizes a full distribution of possible outcomes of portfolio cost. This

enables the determination of the most likely cost (black bar in the figure representing the mean

results) associated with the input variables and forecasts. PowerSimm can make resource
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dedsions based not only on the mean of the distribution, but also by risk considerations informed
by the 5h and 95h percentiles. Therefore, the model can solve for the optimal resource portfolio
that strikes the best balance between cost and risk.

Using te probabilistic approach, the modeling results for a single run produce a range of possible
outcomes for variables subject to uncertainty and for which a probability profile is entered. This
means that multiple, single variable sensitivity runs need ndbe performed to understand the
impact of uncertainty in one or more variables. For the simulations, a single cost result was
generated for each of the Scenarios evaluated, and no additional sensitivity analyses were
performed as is typically done in deteministic modeling approaches.

Figure D7 The Value of Stochastic Analysis in Resource Planning

Using Risk Premium for Resource Decision Making

PowerSimm also identifies the risk associated with each energy portfolio option, quantifying this as

—St 0"ckec—eA0 <o f T TE e~ Fet %> ="' Z¢ e SFTE T e ece—Z7f-
risk premium will be larger for wider cost distributions, or riskier portfolios, and smaller for

narrower cost distributions, or less risky portfolios. Ascend theradds the risk premium variable to

the expected value to put all energy portfolio options on the same playing field. The factors that

drive risk in total portfolio cost include fuel price risk, carbon price risk, and other influential inputs

that face uncetainty.

The risk premium is defined as the probabilityweighted average of costs above the median, and
this conceptis illustrated below in Figure B8:
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Figure B8 Risk Premium is an Economic Concept Measuring how Prone a
Portfolio is to Higher than Epected Costs

PowerSimm planner monetizes risk through applying an actuarial option approach where the value
of risk (the risk premium) is calculated as the integral of the cost distribution from the mean to the
upper tail of costs, reflecting the downsié risk to ratepayers. The underlying cost distribution
follows from production cost modeling determined through input simulations of market fuel prices
and weather->load->renewables. These underlying simulations are developed to satisfy a long set

ofvalid f—<'e ...7<—F"<f =" foe—"%F OQeffoced%o —Z0 —e...f " —fco—> <o "F° 7% ..

costs.
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1. Introduction

Senate Bill 2 in the First Extraordinary Session (SBX1-2)7 defines the California Renewables
Portfolio Standard (RPS) and imposes minimum renewable energy procurement targets for alll

retail sellers and publicly-owned utilities (POUSs), including the City of Redding (Redding).
SBX1-2 authorized the California Energy Commission (CEC) to develop procedures for
enforcement of the RPS for POUs. As part of that enforcement authority, the CEC adopted
3(QIRUFHPHQW 3URFHGXUHYV |&tilioNStaAdaboHfey Hochl, BRoii ak-Byned

Electric Utilities " (RPS Enforcement Regulations).’® 7KLV GRFXPHQW GHVFULEHV 5
Procurement and Enforcement Plan, as required by the Public Utility Code, which must be
DSSURYHG E\ GHGGLQJTV &LW\ &R XQFLO

1.1 Utility Code

REU must comply with many state laws that govern certain aspects of utility operations. These
LQFOXGH WKH IROORZLQJ FRGH VHFWLRQV ZKLFK UHODWH WI
X Renewable Portfolio Standard requirement Public Utilities Code (PUC) § 399.30(a)(1)

x Compliance Period and Procurement Targets PUC § 399.30(b) and (c)

x Portfolio Content Categories PUC 8§ 399.16(b) and (c)

X RPS POU Compliance PUC § 399.30(n)

X Optional Compliance Measures PUC § 399.30(d)

2. RPS Procureme ntPlan

2.1 Purpose

The purpose of the RPS Procurement Plan is to identify the policies and procedures for
Redding to meet the RPS requirements and any future adopted state-defined renewable goals.
The most recent adoption, SB350, mandates that 50 percent of retail sales must be created
by eligible renewable energy sources by 2030. SB350 also requires Redding to produce an
Integrated Resource Plan that will guide the Procurement Plan.

17SBX17T ~~Ju]8] vU 28 SeX TiiiU ZX is A o «]Pv C O0]J(JEV] [+ '}JA EV}IE }v % E]o il
Public Utilities Cod8s 399.11399.32, the California Renewables Portfolio Standard Program. Various provis®as@fi 1,

et seq, were subsequently modified.

18 The CEC adopted the RPS Enforcement Regulations on June 12, 2013, in Orded6N@-5.3
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2.2 Compliance Periods and Procurement Targets

Compliance periods are multiyear, required targets. Although Compliance Periods 1 and 2
have passed, they are included below for reference:

A. Compliance Period 1
(1) During Compliance Period 1, January 1, 2011, to December 31, 2013, Redding
shall procure, at a minimum, renewable energy resources equivalent to an
average of 20 percent of retail sales over the three (3) years of the compliance

period.

Expressed as:

10.0 (3 (3 (3 . 56 56 56
Where:

RS X = total retail sales made by POU for the specified year X.

EP X = electricity products procured for the specified year X; this may include
excess procurement and historic carryover that the POU has chosen to apply to
the compliance period containing year X.

B. Compliance Peri od 2
(1) For Compliance Period 2, January 1, 2014,to December 31, 2016, Redding shall
procure renewable energy resources to meet or exceed the sum of 20 percent
of retail sales for each of 2014 and 2015, and 25 percent of retail sales for 2016.

Expressed as:
11.0 (3 (3 (3 . 56 56
0.25 (RS 2016)

C. Compliance Period 3
(1) For Compliance Period 3, January 1, 2017,to December 31, 2020, Redding shall
procure renewable energy resources to meet or exceed 33 percent of retail sales
by 2020. During the intervening years of Compliance Period 3, Redding shall
increase procurement to reflect an imputed compliance obligation.

Expressed as:
(EP 2017 + EP 2018 + EP 2019 + EP 2020)
. 56 56 019)%6+ 0.33 (RS 2020)

D. Compliance Periods beyond 2020
(1) Compliance periods beyond 2020 are not formally established; however, SB350
requires a 50 percent renewable standard by 2030.

7KH IROORZLQJ WDEOH VXPPDUL]J]HV WKH D@@XBO 3V
determined over the entire compliance period using the formulas above.

Compliance Period 3
« | 2017 | 2018 | 2019 | 2020 «
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| « | 27 % | 29% | 31% | 33% | 50% |
Table 1: RPS Renewable Requirement

2.3 Portfolio Content Categories

In addition to meeting the renewable energy procurement target, the RPS established Portfolio
Content Categories (PCC) that outline the eligible renewable energy resource products that
must be procured to ensure compliance with minimum and maximum values as summarized
in Table 2.

A. PCC1: (RPS Enforcement Regulations 3203(a))

(1) PCC1 electricity products must be bundled at the time of procurement to be
classified as PCC1, and the POU may not resell the underlying electricity from the
electricity product back to the eligible renewable energy resource from which the
electricity product was procured. The electricity products must be generated by an
eligible renewable energy resource that is interconnected to a transmission network
within the Western Electricity Coordinating Council (WECC) service territory. For
purposes of this section 3203, the first point of interconnection to the WECC
transmission grid is the substation, or other facility, where generation tie lines
interconnect from the eligible renewable energy resource to the network
transmission grid.

(a) Electricity products must be generated by an eligible renewable energy resource
that has its first point of interconnection within the metered boundaries of a
California balancing authority area.

(b) Electricity products must be generated by an eligible renewable energy resource
that has its first point of interconnection to an electricity distribution system used
to serve end-users within the metered boundaries of a California balancing
authority area. For purposes ofthis section 3203, the first point of interconnection
to an electricity distribution system is within the service area boundaries of a
utility distribution company.

(c) Electricity products from the eligible renewable energy resource with a first point
of interconnection outside the metered boundaries of a California balancing
authority area must be scheduled into a California balancing authority area
without substituting electricity from another source. For purposes of this section
3203, electricity generated by the eligible renewable energy resource must be
scheduled into a California balancing authority area on an hourly or sub-hourly
EDVLV 7KH 328V JRYHUQLQJ ERDUG RU RWKHU DXW
governing board, must have approved an agreement before the electricity is
generated to schedule the electricity from the eligible renewable energy resource
into the California balancing authority area on an hourly or sub- hourly basis. If
there is a difference between the amount of electricity generated within an hour
and the amount of electricity scheduled into a California balancing authority area
within that same hour, only the lesser of the two amounts shall be classified as
PCC1.
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(d) Electricity products must be subject to an agreement between a California
balancing authority area and the balancing authority in which the eligible
renewable energy resource is located and executed before the product is
generated to dynamically transfer electricity from the eligible renewable energy
resource into the California balancing authority area.

(3) Electricity products originally qualifying in PCC1 that do not meet the criteria of
section 3203 (a)(2)(A) and are resold £(D) shall not be counted in PCC1.

B. PCC2: (RPS Enforcement Regulations Section  3203(b))

(1) PCC2 electricity products must be generated by an eligible renewable energy
resource that is interconnected to a transmission network within the WECC service
territory, and the electricity must be matched with incremental electricity that is
scheduled into a California balancing authority area.

(2) PCC2 electricity products must be bundled when procured and must meet all of the
following criteria:

(@) The first point of interconnection to the WECC transmission grid for both the
eligible renewable energy resource and the resource providing the incremental
electricity must be located outside the metered boundaries of a California
balancing authority area.

(b) The incremental electricity used to match the electricity from the eligible
renewable energy resource must be incremental to the POU. For purposes of
WKLV VHFWLRQ SLQFUHPHQWDO HOHFWULFLW\" Pt
a resource located outside the metered boundaries of a California balancing
authority area; prior to the date of contract or ownership agreement, electricity is
not in the portfolio of the POU claiming the electricity products for RPS
compliance from eligible renewable energy resources with which the incremental
electricity is being matched; is executed by the POU, or other authority, as
delegated by the POU governing board.

(c) The governing board, or other authority as delegated by the governing board,
executes the contract or ownership agreement for the incremental electricity at
the same time or after the contract or ownership agreement for the electricity
products from the eligible renewable energy resource is executed.

(d) The incremental electricity must be scheduled into the California balancing
authority area within the same calendar year as the electricity from the eligible
renewable energy resource is generated.

(e) The electricity from the eligible renewable energy resource must be available to
be procured by the POU and may not be sold back to that resource.

C. PCC3: (RPS Enforcement Regulations section 3203(c))
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All unbundled renewable energy credits and other electricity products procured from
eligible renewable energy resources located within the WECC transmission grid that do
not meet the requirements of either PCC1 or PCC2 fall within PCC3.

D. PCCO: (RPS Enforcement Regulations section 3204(a)(2))

(1) Any contract or ownership agreement originally executed priorto June 1, 2010, shall
count in full toward the procurement requirements if all of the following conditions
are met:

(@ The reneZDEOH HQHUJ\ UHVRXUFH PHW WKH &RPPLYV
requirements that were in effect when the original procurement or ownership
agreement was executed.

(b) Any contract amendments or modifications occurring after June 1, 2010, do not
increase the nameplate capacity, expected quantities of annual generation, or
substitute a different renewable energy resource.

(c) If contract amendments or modifications after June 1, 2010, increase nameplate
capacity or expected quantities of annual generation, increase the term of the
contract, or substitute a different eligible renewable energy resource, only the
MWhs or resources procured prior to June 1, 2010, shall count in full toward the
RPS procurement targets. The remaining procurement must be classified into
PCC1, 2, or 3, and follow the portfolio balance requirements in accordance with
RPS Enforcement Regulations section 3204 (c).

(d) The duration of the contract may be extended if the original contract specified a
procurement commitment of fifteen (15) years or more.

Compliance Period 1
2011-2013

Compliance Period 2
2014-2016

Compliance Period 3
2017-2020

PCC1 (Minimum)

50%

65%

75%

PCC2 (No Direct Restriction)

n/a

n/a

n/a

PCC3 (Maximum)

25%

15%

10%

PCCO Is not subject to portfolio balancing requirements

Beyond 2020 is to be determined
Table 2: RPS Balancing Requirement

2.4 SHGGLQJYTV 30DQ IRU 536 &RPSOLDQFH

2.4.1 Existing Eligible Renewable Resources

Redding currently has the following renewable energy resources under contract and/or
ownership that meet the RPS eligibility requirements:

Wind

Big Horn Wind Project (PCCO0) - In 2006, Redding entered into a 20-year contract with
possible 5-year extension for wind energy through the M-S-R Public Power Agency by
participation in the Big Horn Wind Project. Redding has contracted for 70 MW of capacity
that yields approximately 180,000 MWh of eligible renewable energy annually.
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Hydro (<30MW)

Whiskeytown Hydro (PCCO0) - In the mid-1980s, Redding invested in small hydro-
generation at Whiskeytown Dam. The Whiskeytown Project has a capacity of
approximately 3 MW and yields roughly 26,000 MWh of eligible renewable energy annually.

WAPA Small Hydro Program (PCC0O) - 5SHGGLQJ SDUWLFLSDWHV LQ :$3%
Program; this contributes approximately 6,000 MWh of eligible renewable energy to
Redding annually.

2.4.2 Procurement Plan for Future Renewable Resources

In order to meet the RPS mandates, Redding plans to preserve its existing PCCO
resources, carry forward excess procurement from one compliance period to the next, and

look for valuable opportunities to diversify and expand its RPS portfolio while protecting
5HGGLQJYV FXVWRPHUV IURP H[FHVVLYH UDWH LQFUHDVHYV \

and viability within the City. The Integrated Resource Plan will be the guiding document
and tool for choosing the optimal plan.

3. RPS EnforcementProgram

3.1 EnforcementPolicy

In compliance with the requirement for the governing board of a POU to adopt a program for
enforcement of the legislation prior to January 1, 2012, the Redding City Council passed
Resolution 2011- SbHVROXWLRQ RI WKH &LW\ &RXQFLO RI WKH &l
5HQHZDEOH 3RUWIROLR 6WDQGDUG IRU WKH &LW\ RI 5HGGLC
2011. Resolution 2011-197 adopted the following RPS targets:

A. An average of 20 percent in 2011 through 2013;

B. 25 percent by 2016; and

C. 33 percent by 2020 and thereafter.

Resolution 2011-197 also adopted the following Enforcement Policies:

A. Redding will make a reasonable effort in the context of Good Utility Practice to be in
compliance with the requirements of SBX1-2.

B. Redding will report annually to the City Council on its status of compliance with SBX1-2.

C. Redding will notify the City Council of any potential for lack of compliance with the
requirements of SBX1-2 that may be considered for a notice of violation and penalty
imposition.

D. Redding will provide an explanation and analysis to the City Council on such potential for
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lack of compliance with SBX1-2, as well as a plan of corrective action and timeframe for
returning the City to compliant status.

E. At such time, the City Council will direct staff on its recommended course of action.
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3.2 Optional Compliance Measures

Specific optimal compliance measures are permitted, and are adopted, by Redding and the
City Council. Redding adopts the following optional compliance measures, which may be
utilized in the event that factors beyond reasonable control interfere with its ability to meet the
procurement requirements set forth in Public Utilities Code §399.30 and § 3206 of the RPS
Regulations.

A. Excess Procurement:

Redding shall be allowed to apply Excess Procurement from one compliance period to
subsequent compliance periods using the criteria outlined in § 3206(a)(1) of the RPS
Enforcement Regulations beginning on January 1, 2011, and shall be calculated as set
forth in RPS Enforcement Regulations 8§ 3206(a)(1)(D).

B. Delay of Timely Compliance:

Enforcement of timely compliance shall be waived if Redding demonstrates that any of the
conditions defined in RPS Enforcement Regulations 8§ 3206(a)(2) are beyond the control
of Redding, and Redding would have met its RPS procurement requirements but for the
cause of delay.

C. Cost Limitations for Expenditures:

Redding establishes a Cost Limitation on the procurement expenditures for all eligible
renewable energy resources used to comply with the RPS, consistent with RPS
Enforcement Regulations § 3206(a)(3).

The Cost Limitation applied to each RPS procurement expenditure will consider the
following:

1) ,QFRUSRUDWLQJ WKH DQQXDO 536 H[SHQGLWXUH LQWR E
require rate increases of more than 1.5 percent per year at any time during the life of
the considered RPS procurement.

) The per-kilowatt-hour cost of the considered RPS procurement expenditure should
QRW H[FHHG QRU EH SURMHFWHG WR H[FHHG -kilow&tH U F H Q
hour retail residential energy charge.

3) When estimating the considered RPS procurement expenditure, the following costs
will also be included:

(a) The costs associated with firming and shaping, and/or storage, as needed for
intermittent resources; and

(b)  The costs associated with delivery of the renewable energy.

In the event that procurement expenditures exceed the adopted Cost Limitation, Redding
shall re-evaluate its RPS Procurement Plan to ensure that other options are not available
that would otherwise allow Redding to meet its RPS procurement requirement. Such review
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will include a re-evaluation of current procurement commitments, planned procurements,
long-term commitments, and the availability of alternative resources in other portfolio
content categories.

D. Portfolio Balance Requirement Reduction:

Redding shall be allowed to reduce the portfolio balance requirement for Procurement
Content Category 119for a specific compliance period if conditions beyond the control of
Redding occur that warrant a delay in timely compliance (as adopted under § 2.2 (B) of the
RPS Enforcement Program) as defined in 8§ 3206(a)(4) of the RPS Enforcement
Regulations.

if Redding uses this reduction measure, Redding will update its RPS Procurement Plan with
the adjusted information and submit such updated plan to the CEC.

4. Review and Updating Requirements (RPS Enforcement Regulations §3205(a))

Redding is required to complete an Integrated Resource Plan that will guide the Procurement
plan.

A. Redding will provide the following notice regarding new or updated renewable energy
resources procurement plans:

(1) Redding shall post notice in accordance with Chapter 9 (commencing with §54950) of
Part 1, Division 2, Title 5 of the Government Code, whenever the City Council will deliberate
in public on the RPS Procurement Plan.

(2) Along with the posting of the notice of a public meeting to consider the RPS Procurement
Plan, Redding shall notify the CEC of the date, time, and location of the public meeting to
consider the RPS Procurement Plan. This requirement is satisfied if Redding provides the
CEC with the uniform resource locator (URL) that directly links to the notice for the public
meeting. Alternatively, an e asail with information on the public meeting in Portable
Document Format (PDF) may also be provided to the CEC.

19 procurement Content Category 1 is define@B203 (a) of the RPS Enforcement Regulations.
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(3) Redding will notify the CEC if any URL provided by Redding no longer contains the correct
link, and Redding will send the CEC a corrected URL that links to the information, or a PDF
containing the information, as soon as it becomes available.

(4) f Redding distributes information to its City Council related to its renewable energy
resources procurement status, or future procurement or enforcement programs for the City
&RXQFLOTYY FRQVLGHUDWLRQ DW D SXEOLF PHHWLQJ
available to the public at the same time it is distributed to City Council, and shall provide
DQ HOHFWURQLF FRS\ RI WKDW LQIRUPDWLRQ WR WKH

(a) This requirement is satisfied if Redding provides the URL that directly links to the
documents or information regarding other manners of access to the documents to the
CEC. Alternatively, an e anail with the information in PDF may also be provided to the
CEC.

(b) Redding will notify the CEC if any URL provided no longer contains the correct link, and

Redding will send the CEC a corrected URL that links to the information, or a PDF
containing the information, as soon as it becomes available.

5. Review and Revision History

Revision Revision Summary of Changes
Number Date
1 10/15/2013 | Original version adopted by City Council Date:
October 15, 2013
2 10/07/2014 | Annual update: Removed Lewiston and added Colusa
3 06/05/18 Combined Procurement and Enforcement plan.
Included SB350 updates, removed Colusa biomass
project, and rearranged information for a more clear,
concise document.

J\14_RESOURCES1_PROCEDURES ANIFILINGSIPROCEDUREWRP S001 RPSPROCUREMENT AND ENFORCEMENT PLAN
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Appendix F. Energy Storage Compliance Plan

Procedure No: Version: Approval Date:

- Draft 1
ESCP- 02 ra September Energ_y Storage
Compliance Plan
Effective Date: October 1,2017 (ESC P)

Document Owner: Lowell Watros

REDDING ELECTRIC UTILITY
Energy Services Division

ESCP-02 Energy Storage Compliance
Plan (AB 2514 & AB 2227 +Public
Utilities Code Sections 2835-2839)

Reviewed By: Lowell Watros (Resource Planner zEnterprise
Services), Nick Zettel (Manager zEnterprise Services), Dan Beans
(Interim Electric Utility Director)

Adopted By: Redding City Council

Date: September 19, 2017

F1



TABLEOFCONTENTS

INtroduction/BackgroUnd ..o 3
Energy Storage Procurement Plan..........coooiiuiiiiiiiiiniiiiieecein e nenin e 4
2.1 PlaNOVEIVIEW ...ttt e ettt e e e e e e e et 4
2.2 COMPlIANCE PEIOUS. .......uviiiiieeiee et e et e e e e e 4
2.3 Definitions of Energy StorageTechnologies...........coooeeivveviiiiiiiieneieiiiiiiieeeeeeeeee 4
ESCRREVIEW REQUINEIMENTS ......uiiiiiii ittt e et e et e e e e e eeaa s 5

F2



Introduction/Background

ReddingElectric Utility (REU)started analyzingenergy storagetechnologiesin 2004. In 2005, REU
installed its first thermal energy storage(TES)deviceswithin its service territory (achiller-based
TESsystemat Redding Municipal Airport andadirect expansion TESystemat the Redding Fire
Department).

Subsequent to 5 ( 8 féontinued pursuit of cost-effective TESnstallations throughout the

8 W L Gér\iceferritory, AssemblyBill (AB) 2514 (Energy StorageBill) was introduced to the
California Legislature by Assemblywoman Skinnerin 2010. This bill passedandwassignedinto
law (Public Utilities CodeSection2835-2839) by Governor Arnold SchwarzeneggeSeptember29,
2010.

This energy storage law requires the governing board (City Council) of alocal, publicly - owned
electric utility by March1l, 2012, to opena proceedingto determine appropriate targets, if any,for
the utility to procure viableand cost-effectiveenergystoragesystems and,by Octoberl, 2014, to
adopt an energystorage systemprocurement target, if determined to be appropriate, to be
achievedby the utility by December31, 2016. The law includes asecond targetto be achieved by
December31,2020. Thelaw further specifies:

Section2836 - Aspart of this proceeding,the governingboard may considera variety of possible
policiesto encouragethe cost-effectivedeploymentof energy storage systems, including
refinement of existing procurement methodsto properly valueenergy storage systems.

X The governing board shall adopt the procurement targets if determined to be
appropriate pursuant to paragraph (1) by Octoberl, 2014.

X Thegoverningboard shall reevaluatethe determinations made pursuant to this
subdivision not lessthan onceeverythree years (in September2017 and September
2020).

Section2836.4 - An energy storagesystemmay be usedto meet the resource adequacy
requirements establishedby a local,publicly -ownedelectric utility pursuantto Section9620 if it
meets applicable standards.

Section2836.6 - All procurement of energy storage systems bya load-servingentity or local,
publicly -ownedelectric utility shall be cost-effective.
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EnergyStoragdeProcuremenPlan
2.1 PlanOverview

The purpose of the ESCRPis to identify the policies and procedures for REUto meet the
requirements set forth with AB 2514 and the Energy Storagesection of the Public Utilities
Code(Sections2835-2839).

a) The ESCP incorporates 5 ( 8  VESProgramwith the legislative mandate requiring
utilities to review various energy storage technologiesand to set procurement and
periodic review targets.

b) Under AB 2514, each utility is to review the applicability of various storage
technologies to their local operating requirements and identify which of those,
if any, would benefit the X W L @éctkid §evvice requirements. REU has completed
an assessmentof its TESProgram and determined the Programto be beneficialin
assisting the overall operating conditions of the Utility.

Under ESCP01, REUhad a procurement target of 3.6 MW to be installed and operational by
July1, 2017. That target was obtained and REU isnow in the Operations and Maintenance
(O&M) phasefor the TESProgramas it is now configured. Due to the current (no growth)

load forecast and adequate power supplies available for the foreseeablefuture, no further

additions to 5 ( 8  ®hergy storage capabilities are contemplated at this time. During the
next review period, as part of ongoing Integrated Resource Plan (IRP) efforts, REU will

analyze the value of all qualified energy storage technologies as defined by AB 2514,
including TES.The existing TESassetsare expectedto have an effective 20-year plus life
span. While the TES systems have been proving to be quite reliable, some routine
maintenancewill be needed over the multi-year time period that the equipment is expected
to bein service.

Compliancéeriods

AB 2514 establishedthe following complianceperiods:

1. On or before March 1, 2012, REUmust initiate a proceeding to
determine appropriate storagetargets.

2. Procurementtargets must be adopted by Octoberl, 2014.

3. Reviewinitial storagetargets bySeptember2017.

4 Review the storage targets set in September 2017 by September 2020.
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AB 2227 establishedthe following complianceperiods:

1. On or before January 1, 2017, REUmust report to the California
Energy Commission (CEC)demonstrating that it had complied with
storagetargets adopted by City Councilon Octoberl, 2014.

2. By Januaryl, 2021, in similar fashion asItem 1 above,againfile a
progress report with the CEC,related to City Council adopted
targets on Octoberl, 2017.

Definitionsof Energystoragelechnologies

AB 2514 specifically defineswhat constitutes and qualifies asan energystorage
system.Thedefinition asstated in the law (section 2835 (a)(1) =(2)(A)) is:

3 F R P P H U&vailail @thnology that is capable of absorbing energy, storing it
for aperiod oftime, and thereafter dispatchingthe energy.” An 3 H Q H&larage
V\V W séhRll'do one or more of the following:

(1) Usemechanical,chemical,or thermal processesto store energythat was
generatedat onetime for use at alater time.

(2) Storethermal energy for direct use for heatingor cooling at alater time in
amanner that avoidsthe needto useelectricity at that later time.

(3) Usemechanical,chemical,or thermal processesto store energy
generatedfrom renewable resourcesfor useat alater time.

4) Usemechanical,chemical,or thermal processesto store energy generated
from mechanicalprocesseghat would otherwise be wastedfor delivery
at alater time.

ESCReviewRequirements

Redding adjusts its load forecastannually. This forecastwill be used to anticipate the
ESCH needs in future years.This ESCPwill be updated as appropriate to reflect
5H G G Lggdddk review of loads and available power resources,including energy
storagetechnologies.

a) Reddingwill review the initial procurement targets set in September
2014 no later than September2017, and again no later than September
2020.

AB 2227 addedto the requirements of AB 2514 minimally in that local, publically-
owned electric utilities, suchasREUshall submit areport to the Energy Commission
demonstrating it had complied with the energy storage system procurement targets
and policies adopted by the City Councilin September2014 by Januaryl, 2017, and
in similar fashion by January 1, 2021. Basically, AB 2227 provides for routine
progressreports to the CEC.





